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SUMMARY
1. Background and methods
This is the third report of the WHO/IUATLD Global Project on Anti-Tuberculosis Drug
Resistance Surveillance. The two previous reports were published in 1997 and 2001 and included
data from 35 and 58 settingsa respectively. The main conclusions of the two previous reports
were that drug-resistant tuberculosis (TB) was present in all settings surveyed, multi-drug
resistance (MDR) was identified in most settings, and that good TB control practices were
associated with lower or decreasing levels of resistance. The goal of the third report is to expand
knowledge of the prevalent patterns of resistance globally and explore trends in resistance over
time.

This report includes new data from 77 settings or countries collected in the third phase of the
project, between 1999 and 2002, representing 20% of the global total of new smear-positive TB
cases. It includes 39 settings not previously included in the Global Project and reports trends for
46 settings.

Data were included if they adhered to the following principles: (1) the sample was representative
of all TB cases in the setting under evaluation; (2) new patients were clearly distinguished from
those with previous treatmentb; and (3) optimal laboratory performance was assured and
maintained through links with a supranational reference laboratory (SRL). Data were obtained
through routine or continuous surveillance of all TB cases (38 settings) or from specific surveys
of sampled patients, as outlined in approved protocols (39 settings). Data were reported on a
standard reporting form, either annually or at the completion of the survey.

The Supranational Reference Laboratory Network (SRLN) was formed in 1994 to ensure optimal
performance of the national reference laboratories participating in the Global Project. The
network comprises 20 laboratories in five WHO regions and is coordinated by the Prince Leopold
Institute of Tropical Medicine in Antwerp, Belgium. The coordinating centre ensures the quality
of the SRLN by conducting annual proficiency testing, through the exchange of a panel of 30
                                                          

a Setting is defined as a country or a subnational setting (i.e.province, district, or oblast).
b There are three exceptions to this rule; Australia, Democratic Republic of Congo, Kinshasa, and Scotland
reported only combined cases.
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pretested and coded isolates with resistance to any of the following four first-line drugs –
isoniazid (INH), streptomycin (SM), rifampicin (RMP) and ethambutol (EMB).

2. Results
2.1  MAGNITUDE AND TRENDS OF ANTI-TB DRUG RESISTANCE

New cases
Data on new cases were available for 75 settings. In total, 55 779 patients were surveyed. The
prevalence of resistance to at least one antituberculosis drug (any resistance) ranged from 0% in
some Western European countries to 57.1% in Kazakhstan (median = 10.2%). Median
prevalences of resistance to specific drugs were as follows: SM, 6.3%; INH, 5.9%; RMP, 1.4%;
and EMB, 0.8%. Prevalence of MDR ranged from 0% in eight countries to 14.2% in Kazakhstan
(51/359) and Israel (36/253) (median = 1.1%). The highest prevalences of MDR were observed in
Tomsk Oblast (Russian Federation) (13.7%), Karakalpakstan (Uzbekistan) (13.2%), Estonia
(12.2%), Liaoning Province (China) (10.4%), Lithuania (9.4%), Latvia (9.3%), Henan Province
(China)  (7.8%), and Ecuador (6.6%)a.

Increases in prevalence of resistance can be caused by poor or worsening TB control,
immigration of patients from areas of higher resistance, outbreaks of drug-resistant disease and
variations in surveillance methodologies. Trends in drug resistance in new cases were determined
in 46 settings (20 with two data points and 26 with at least three). Significant increases in
prevalence of any resistance were found in Botswana, New Zealand, Poland, and Tomsk Oblast,
(Russian Federation). Cuba, Hong Kong SAR, and Thailand reported significant decreases over
time. Tomsk Oblast, (Russian Federation), and Poland reported significantly increased
prevalences of MDR.  Decreasing trends in MDR were observed in Hong Kong SAR, Thailand,
and the USA.

Previously treated cases
Data on previously treated cases were available for 66 settings. In total, 8405 patients were
surveyed. The median prevalence of resistance to at least one drug (any resistance) was 18.4%,
with the highest prevalence, 82.1%, in Kazakhstan (262/319). Median prevalences of resistance
to specific drugs were as follows: INH, 14.4%; SM, 11.4%; RMP, 8.7%; and EMB, 3.5%. The
median prevalence of MDR was 7.0%. The highest prevalences of MDR were reported in Oman
(58.3%; 7/12) and Kazakhstan (56.4%; 180/319). Among countries of the former Soviet Union
the median prevalence of resistance to the four drugs was 30%, compared with a median of 1.3%
in all other settings. Given the small number of subjects tested in some settings, prevalence of
resistance among previously treated cases should be interpreted with caution.

Drug resistance trends in previously treated cases were determined in 43 settings (19 with two
data points and 24 with at least three data points). A significant increase in the prevalence of any
resistance was observed in Botswana. Cuba, Switzerland, and the USA showed significant

                                                          
a Data from Ecuador included in the analysis are preliminary.
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decreases. The prevalence of MDR significantly increased in Estonia, Lithuania, and Tomsk
Oblast (Russian Federation). Decreasing trends were significant in Slovakia, and the USA.

Association of drug resistance with the quality of TB control

Multivariate analysis showed the proportion of cases being re-treated among the total number of
cases was significantly associated with both MDR and any drug resistance. The percentage of re-
treatment cases in a national TB programme is an indicator of programme performance.

2.2 MDR-TB
We estimated the annual incidence of MDR cases in 69 settings included in this reporta. For most
Western and Central European countries, the estimated incidence was fewer than 10 cases each.
Estonia, Latvia, Lithuania and two oblasts in the Russian Federation were estimated to have
between 99 and 248 MDR cases. For Henan and Hubei Provinces of China, the figure was more
than 1000 cases each, and for Kazakhstan and South Africa, more than 3000. In order to analyse
the burden of MDR in a given setting, prevalence in new and re-treatment cases should be linked
with relevant programme information, such as proportion and categories of re-treatment among
all cases, as well as absolute case numbers.

Rifampicin resistance was evaluated as a predictor of MDR-TB, in order to explore the relevance
of rapid rifampicin resistance testing to identify cases likely to have MDR-TB. This would allow
the rapid initiation of infection control measures and effective treatment. The positive predictive
value (PPV), a function of the sensitivity and specificity of RMP resistance testing and the
prevalence of MDR and non-MDR rifampicin resistance, was highest among previously treated
cases in settings with high MDR prevalence and low non-MDR rifampicin resistance.

2.3 PATTERNS AND AMPLIFICATION 1994–2002
Analysis of almost 90 000 isolates representative of the most recent data from countries between
1994 and 2002 confirmed that, globally, more isolates were resistant to INH than to any other
drug (range 0–42%). In general, INH and SM resistance were more prevalent than RMP or EMB
resistance. HSREb was the most prevalent pattern among previously treated cases and the
proportions of isolates resistant to three or four drugs were significantly greater among this group
than among new cases. This relationship holds globally as well as regionally and suggests
amplification of resistance. It appears that INH and SM monoresistance are the main gateways to
acquisition of additional resistance

                                                          
a Estimates were generated by applying prevalences determined in surveys to reported notification figures for the
corresponding population.
b HSRE = resistance to INH, SM, RMP, and EMB.
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3. Conclusions
3.1 SCALE OF THE EPIDEMIC OF DRUG-RESISTANT TB

1.  Drug-resistant TB was found among TB patients surveyed in 74 of 77 settings between
1999 and 2002. As in the two previous surveys, drug-resistant TB, including multidrug-
resistant TB, was found in all regions of the world. The prevalence of MDR-TB was
exceptionally high in almost all former Soviet Union countries surveyed, including
Estonia, Kazakhstan, Latvia, Lithuania, the Russian Federation, and Uzbekistan.
Proportions of isolates resistant to three or four drugs were also significantly higher in this
region. High prevalences of MDR-TB were also found among new cases in China (Henan
and Liaoning provinces), Ecuador and Israel. Central Europe and Africa, in contrast,
reported the lowest median levels of drug resistance.

2. The percentage of re-treatment cases in a national TB programme is an indicator of
programme performance. As in previous phases of the Global Project, a link was found
between poor programme performance, or insufficient coverage of a good programme,
and drug resistance. Previously treated cases, worldwide, are not only more likely to be
drug-resistant, but also to have resistance to more drugs than untreated patients.

3.   Significant increases in prevalence of any resistance and MDR were detected in a number
of  settings. Increases in MDR-TB are especially worrying, since such cases are
significantly more difficult to treat, and mortality is higher than for drug-susceptible
cases. Increases in prevalence of any resistance may reflect an environment that favours
the acquisition of additional resistance and can lead to future increases in MDR.

4.  Between 1994 and 2002, the Global Project surveyed areas representing over one-third of
notified TB cases worldwide. However, enormous gaps still exist in many crucial areas,
especially countries with a large TB burden or where available data strongly suggest that
there may be a much larger problem, particularly China, India, and countries of the former
Soviet Union.

5.  The ability to conduct a drug resistance survey is indicative of a reasonable level of
capacity of the TB control services, most importantly the laboratory service. Thus it is
likely that TB control in some unsurveyed areas is worse than in those surveyed.

4. Recommendations

4.1 Management of TB control1. The findings of this phase of the Global Project emphasize
the importance of strengthening TB control worldwide, by expanding DOTSa in order to
prevent the emergence of further drug resistance. Existing cases need to be managed by
national programmes, regardless of prevalence, through application of the DOTS-Plus

                                                          
a Internationally adopted strategy to control tuberculosis.
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strategya and using the Green Light Committeeb to ensure quality of second-line drugs and
proper implementation and monitoring. Full adoption of DOTS is vital for stopping the
creation of MDR-TB cases.

2. In light of the high frequency of resistance to three or four drugs in previously treated
patients, the WHO Category II regimen for re-treatment should be re-evaluated in some
settings and the re-treatment guidelines should be revised if necessary.  A re-evaluation
should also be conducted of the efficacy of both Category I and III regimens, in which
INH is recommended in the continuation phase, in settings with a high prevalence of
isoniazid resistance.

3.  Standardized annual recording and reporting on all categories of re-treatment – relapse,
failure and return after default – should be mandatory. Accurate reporting on this
population will help in monitoring programme performance and developing re-treatment
strategies, and provide the required information for survey sampling.

4.  Rapid testing for rifampicin resistance may provide a useful proxy for MDR testing, but
only in situations of high MDR prevalence (with little or no non-MDR rifampicin
resistance). Early identification of these patients would permit rapid isolation and
initiation of appropriate treatment, thus avoiding acquisition of additional resistance, until
results of further drug susceptibility testing (DST) are available.

4.2 SURVEILLANCE OF DRUG RESISTANCE

1. Information on drug resistance is urgently needed from unsurveyed areas of China, India,
and the former Soviet Union, in the light of the prevalence of resistance detected in those
countries to date and given the high rate of DOTS expansion currently under way or
planned in those countries. Information on anti-TB drug resistance is also needed from
countries where no surveys have yet been conducted, particularly high-burden countries,
such as Bangladesh, Indonesia, and Nigeria. Drug resistance surveillance should be seen
as an essential component of TB control programmes in these settings.

2. Continuous drug resistance surveillance, culture and drug susceptibility testing of every
TB patient are desirable wherever resources permit. Where this is not feasible but there is
survey capacity, periodic surveys with separate sampling of new and re-treatment cases
should be undertaken. The different types of re-treatment cases should be identified,
namely relapse, failure and return after default. This is essential for the planning of a
treatment programme for those with known or suspected drug resistance (DOTS Plus).

3. In order to enable expansion of drug resistance surveillance, national governments and
international partners need to invest, in a coordinated way, in the evaluation and

                                                          
a Strategy under development for the management of multi-drug resistant tuberculosis
b The Green Light Committee reviews project applications for DOTS Plus pilot projects. Projects accepted by the
GLC are then granted access to preferentially priced second-line drugs.
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strengthening of national laboratories. The Laboratory Strengthening Subgroup of the
DOTS Expansion Working Group is well placed to assist in this task.

4.  A comprehensive approach to drug resistance surveillance is necessary to accurately
evaluate the course of drug resistance, particularly in settings with high MDR prevalence.
Data collection from drug resistance surveillance and DOTS Plus projects, as well as
routine collection of notifications and outcomes, should be linked in order to allow
interventions to be evaluated.

5. The high proportions of resistance to three and four drugs among cases that have been
previously treated emphasizes the importance of developing new anti-TB drugs.

6.  This report has raised some key questions regarding drug resistance that cannot be
answered through routine surveillance. Operational research should be carried out to
determine, amongst other things, the impact of HIV on the transmission of MDR-TB in
certain settings, the impact of amplification of resistance at both the individual and
population level, and the impact of private sector treatment policies on drug resistance.
Financial support from the international community will be essential for such research.

1. INTRODUCTION

Since its inception in 1994, the scope and objectives of the WHO/IUATLD Global Project on
Anti-Tuberculosis Drug Resistance Surveillance have expanded, on the basis of the many lessons
learned over nine years of surveillance and the amount of epidemiological, laboratory and
resistance data now available. These data have helped identify areas of high prevalence of drug
resistance as well as providing valuable information for policy development; but most
importantly, they have served to raise key questions about the behaviour, emergence, and control
of drug resistance. These questions can only be addressed through continued expansion of routine
surveillance and well organized operational research.

Surveys of resistance to anti-tuberculosis (TB) drugs can be conducted at relatively low cost to a
TB programme, and have the potential to yield many direct and indirect benefits to countries. The
direct benefits come from measurements of the level of resistance in the population and thus
quantification of the problem in terms of lives and cost, which allows appropriate interventions to
be planned. Surveillance also provides a mechanism through which the effectiveness of the
national TB programme can be monitored. This information is instrumental in informing
important policy decisions. The indirect benefits of surveillance may be even more substantial.
The capacity of the national reference laboratory (NRL) is strengthened through surveillance
activities, as are relationships within and outside the national TB control programme (NTP).
Notably, surveillance activities have stimulated collaboration among peripheral laboratories,
leading to the formation of functioning networks within countries, and have promoted synergism
between the networks and care providers in the NTP.

The Global Project has actively catalysed changes in policies and programmes for TB control.
DOTS-Plus,  a strategy for the management of drug-resistant TB, was a result of Global Project
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findings, recognizing the need to mitigate the spread of drug resistance through the development
of a strategy to treat resistant cases, supplementing DOTS expansion efforts. The results of the
pilot phase of DOTS-Plus are now being evaluated and incorporated into the larger DOTS
expansion strategy. The Global Project has also led to improvements in the capacity of many
national reference laboratories and several peripheral networks through long-term relationships
with supranational reference laboratories (SRLs) and participation in the proficiency testing and
other external quality assurance (EQA) programmes. It has highlighted the importance of a strong
laboratory network and contributed to the newly formed Laboratory Strengthening Subgroup
under the WHO DOTS Expansion Working Group. The Laboratory Strengthening Subgroup
draws upon the SRL network as its primary resource as it seeks to improve the overall functional
capacity of each country’s laboratory network, with an emphasis on smear microscopy.

Looking to the future, the Global Project is expanding the coverage of drug resistance
surveillance, prioritizing high burden countries and those with suspected high levels of multidrug
resistance (MDR). New surveys will study a sample of previously treated cases representative of
the population in the area, and incorporate surveillance of HIV in TB patients wherever feasible.
A greater emphasis will be placed on operational research using the SRL network and country
capacity. On the laboratory side, the SRL network will be strengthened through recently
developed performance criteria, and subnetworks will benefit from standardization of routine
quality assurance (QA) as well as analysis of national reference laboratory proficiency results
over time.

This report is based on the analysis of a quarter of a million isolates collected since 1994, in 109
geographical settings or 90 countries, representing over one-third of all notified TB cases. The
report addresses the following areas:

� the most recent profile of antituberculosis drug resistance, looking at the latest data available
for the period 1999–2002;

� the dynamics of antituberculosis drug resistance over time, or trends;
� the major determinants of drug resistance;
� evaluation of “hot spots” and how to define the burden of MDR-TB;
� the use of rifampicin resistance as a surrogate marker for MDR;
� the global profile of antituberculosis drug resistance, looking at the most recent data for each

country or geographical setting surveyed since 1994, identifying prominent resistance
patterns in regions and subregions, in regards to the evolution and amplification of resistance;

� results of proficiency testing of laboratories over time.
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2. BACKGROUND
2.1 Antimicrobial resistance and public health
The emergence of resistance to  antimicrobials is a natural biological occurrence. The
introduction of every antimicrobial agent into clinical practice for the treatment of infectious
disease in humans and animals has been followed by the detection in the laboratory of isolates of
resistant microorganisms, i.e. microorganisms able to multiply in the presence of drug
concentrations found in hosts receiving therapeutic doses. Such resistance may be either a
characteristic associated with an entire species or acquired through mutation or gene transfer.
Resistance genes encode information on a variety of mechanisms that microorganisms use to
withstand the inhibitory effects of specific antimicrobials. These mechanisms can confer
resistance to other antimicrobials of the same class and sometimes to several different
antimicrobial classes1.  With increasing antimicrobial use and misuse over the years, resistance to
antimicrobial agents has emerged in viruses, bacteria, fungi and protozoa, posing new challenges
for both clinical management and control programmes2345678

2.2 Mechanisms of anti-TB drug resistance and factors associated with its emergence
Resistance of Mycobacterium tuberculosis to anti-TB drugs is man-made. Wild isolates of M.
tuberculosis that have never been exposed to anti-TB drugs are virtually never clinically
resistant9.  There are a few exceptions, but these exceptions are not thought to contribute greatly
to the overall burden of resistance. For instance, isolates of M. tuberculosis from Madras
(Chennai), India, have been found to have a higher average level of resistance to para-
aminosalicylic acid (PAS) than isolates from patients in the United Kingdom. Madras isolates of
tubercle bacilli also have higher minimum inhibitory concentrations (MIC) of thioacetazone than
British isolates and isolates from other parts of India10. This resistance is called natural resistance.
Most bovine isolates are naturally resistant to PAS and pyrazinamide (PZA), and most
mycobacteria other than tuberculosis (MOTT) are resistant to the standard antituberculosis
drugs11.

Exposure to a single drug, whether as a result of poor adherence to treatment, inappropriate
prescription, irregular drug supply, or poor drug quality, suppresses the growth of bacilli
susceptible to that drug but permits the multiplication of pre-existing drug-resistant mutants12.
The patient then develops acquired resistance. Subsequent transmission of such bacilli to other
persons may lead to disease that is drug-resistant from the outset, an occurrence known as
primary resistance. Because the terms are somewhat conceptual, the terms “resistance among
new cases” and “resistance among previously treated cases” have been adopted as proxies131415.

The emergence of drug-resistant M. tuberculosis has been associated with a variety of factors
related to management, health providers and patients. In some countries, management factors
may include the lack of a standardized therapeutic regimen, poor programme implementation,
compounded by frequent or prolonged shortages of drugs, inadequate resources, political
instability, or lack of political commitment. Use of anti-TB drugs of unproven quality is an
additional concern, as is the sale of these medications over the counter and on the black market.
Moreover, incorrect management of individual cases, difficulties in selecting the appropriate
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chemotherapeutic regimen with the right dosage, and patient non-adherence to prescribed
treatment also contribute to the development of drug resistance161718192021222324.

2.3 The threat of drug resistance for TB control
Although tremendous efforts to control TB have been undertaken at the global and national levels
over the past decade, almost 2 million patients still die every year25. The forty-fourth World
Health Assembly (WHA) in 1991 recognized the growing importance of TB and declared TB a
public health emergency26.   In 1993, WHO formulated the DOTS Strategy, which comprises five
elements considered essential for global TB control27:
� political commitment;
� case detection using sputum smear microscopy among persons seeking care for prolonged

cough;
� standardized short-course chemotherapy under proper case-management conditions, including

directly observed treatment;
� regular, uninterrupted  drug supply;
� standardized recording and reporting system that allows assessment of individual patients as

well as overall programme performance.

The DOTS strategy, if implemented correctly, is one of the most cost-effective public health
interventions available28.

Data from the two previous global reports on resistance to anti-TB drugs have shown that drug
resistance is present worldwide13142930 Studies have also indicated that drug-resistant TB is more
difficult to cure. The cure rates among patients harbouring multidrug-resistant (MDR) isolates
range from 6% to 59%31. Owing to the complex nature of second-line drug treatment in terms of
cost, toxicity, and delivery of appropriate regimens32, drug-resistant forms of tuberculosis present
a real threat to TB control in some settings.

The management and control of drug resistance require a step-by-step approach. Countries can
determine the magnitude of the problem through continuous surveillance or specific surveys, and
develop interventions accordingly. Surveys need a minimum set of conditions and criteria.
Among those criteria is the presence of an accurate recording and reporting system, a laboratory
network capable of performing good quality sputum smear microscopy, a national reference
laboratory performing high quality culture and drug susceptibility testing (DST) and the will to
conduct a survey. Many countries that might be expected to have resistance problems do not yet
have the infrastructure or political will to monitor the situation. The data obtained through the
Global Project therefore reflect only the situation in countries with the capacity to carry out a
survey.

2.3.1 INCREASED ACCESS TO DRUGS

Recently, international efforts have resulted in the creation of a number of mechanisms that
provide support to national TB programmes in their efforts to control TB. For instance, the
Global TB Drug Facility (GDF) is a mechanism that aims to expand access to, and availability of,
high-quality TB drugs to facilitate global DOTS expansion3334. The Green Light Committee
(GLC) provides access to preferentially priced second-line drugs for the treatment of multidrug-
resistant tuberculosis3536. Access is granted to applicants who demonstrate compliance with
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DOTS-Plus project guidelines, validated by the GLC. The Global Fund to Fight AIDS,
Tuberculosis and Malaria (GFATM) provides unprecedented financial resources to countries to
combat these three major diseases. The long-term success of these initiatives will be enhanced by
assurance that the increased distribution of antimicrobial drugs does not unduly accelerate the
emergence of resistance. Thus, programmes to ensure the appropriate use of drugs and to monitor
drug resistance should be put into place.

2.3.2 HIV

Data presented in the first and second global reports suggested that HIV infection is not an
independent risk factor for the development of drug resistance. While some of the data available
are contradictory37, evidence from many settings suggest that HIV-infected TB patients are not
more likely to develop drug resistance than HIV-negative TB patients1329 3839 Outbreaks of MDR-
TB among HIV-infected patients were observed in the USA40414243, Argentina44, as well as some
European cities4546.  These outbreaks, occurring mainly in hospital settings, were associated with
delays in diagnosis and high case fatality rates. In areas of high HIV prevalence, the number of
TB cases is increasing drastically and may indirectly lead to an increase in transmission of
resistant as well as susceptible isolates. Thus, drug resistance in the context of HIV should be
carefully monitored.

2.3.3. PRIVATE SECTOR

Very little precise information is available on the number of TB patients managed in the private
sector. Even with a good NTP information system, notification of TB cases from the private
sector is rare especially among low- and middle-income countries. India, for instance, has the
highest burden of TB and the largest private sector, which manages as many as half of all TB
cases without notifying them to the NTP. TB cases managed by the private sector may account
for almost a sixth of the global burden of TB.

The few available studies suggest that in many low-income TB-endemic countries with
large private health sectors, a significant number of individuals with TB symptoms turn first to
private physicians, traditional healers or private pharmacists.  This often results in a delayed
diagnosis of TB and an increased likelihood of disease transmission. These studies also indicate
that private practitioners commonly deviate from standard nationally and internationally
recommended TB management practices. Although the settings of those studies varied greatly,
the findings did not. Private practitioners in those countries placed an undue emphasis on chest
radiography for diagnosis. They rarely used the initial and follow-up sputum examinations, and
tended to prescribe inappropriate drug regimens, often with incorrect combinations, and
inaccurate dosages for the wrong duration. In addition, there was little attention to maintaining
records, notifying cases and evaluating treatment outcomes. The effect of TB case management
in the private sector on drug resistance levels and patterns has not been clearly evaluated.
However, in view of the large TB caseload in the private sector and evidence suggesting
substandard case management, it can be expected that the private sector, in general, plays an
important role in the evolution of anti-TB drug resistance16.
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3. MATERIALS AND METHODS

3.1 Methodological framework
Methods used in the Global Project have been extensively described in the two previous reports.
For this reason methods common to the three reports are summarized here, while changes or
novel methods are described in detail1329.

The Global Project methodology for surveillance of drug resistance was developed by
WHO/IUATLD and a working group in 1994 and laid out in Guidelines for surveillance of
resistance in tuberculosis, published in 1994, revised in 1997 and updated in 200315.  The
methodology operates on three main principles: (1) surveillance must be based on a sample of TB
patients representative of all cases in the geographical setting under evaluation; (2) drug
resistance must be clearly distinguished according to the treatment history of the patient (i.e.
never treated or previously treated) in order to allow correct interpretation of the data; and (3)
optimal laboratory performance must be attained through participation in a quality assurance
programme, including the international exchange of isolates of M. tuberculosis.

3.2 Definitions of drug resistance
3.2.1 DRUG RESISTANCE AMONG NEW CASES (PROXY FOR PRIMARY RESISTANCE)

Resistance among new cases is defined as the presence of resistant isolates of M. tuberculosis in
patients who, in response to direct questioning, deny having had any prior anti-TB treatment (for
as much as 1 month) and, in countries where adequate documentation is available, for whom
there is no evidence of such a history.

3.2.2 DRUG RESISTANCE AMONG PREVIOUSLY TREATED CASES (PROXY FOR
ACQUIRED RESISTANCE)

Resistance among previously treated cases is defined as the presence of resistant isolates of M.
tuberculosis in patients who, in response to direct questioning, admit having been treated for
tuberculosis for 1 month or more or, in countries where adequate documentation is available, in a
patient for whom there is evidence of such a history.

3.2.3 COMBINED PREVALENCE OF DRUG RESISTANCE
Combined prevalence of drug resistance is the prevalence of resistance in the population
surveyed regardless of prior treatment. Despite the importance of the distinction between drug
resistance among new and previously treated cases, the study of combined prevalence is relevant
for the following reasons:
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� In some countries and settings, such as Australia (2000), Scotland (2000) Democratic
Republic of Congo (Kinshasa, 1998), Belgium (1997), Israel (1998 and 1999), the
Netherlands (1995) and, the history of prior treatment was not ascertained.

� In some countries and settings, patients were stratified in three groups: new, previously
treated and unknown; the last group was numerically important in approximately 20% of the
settings. Exclusion of this group would provide a partial (and probably biased) view of the
overall occurrence of resistance.

� Given the risk of misclassification due to reporting bias by patients or health staff, the
combined prevalence of anti-TB drug resistance represents a better approximation to the level
of drug resistance in the community than the separate data for new and previously treated
patients. In some countries policy-makers are primarily interested in knowing the overall
burden of resistance, regardless of treatment history.

The following approaches were used to obtain combined estimates of drug resistance:
� For settings reporting only combined cases, we took the data as reported by the national

authorities.
� For countries conducting drug resistance surveillance of all their TB patients, we followed the

strategy used in the two previous reports, i.e. we combined the individual data for patients
with and without previous anti-TB treatment. We also added the data of the “unknown”
group, where available. This is noted in individual country profiles.

� For countries that conducted surveys, we used an approach similar to that used in the previous
reports, in which the prevalence found in the sampled new and previously treated cases was
applied to the reference population data (national notifications of new and previously treated
cases for the year of survey) to obtain a standardized estimate.

3.3 Survey areas and sampling strategies
New surveillance or survey projects presented in this report were carried out between 1999 and
2002, with the exception of the 1998–1999 survey in Venezuela, a 1998 survey in Kinshasa,
Democratic Republic of Congo and 1997 data for Japan. Final data from surveys in Colombia
(1999) and Venezuela (1998–1999) are included, whereas only preliminary data on partial
samples were included in the previous report. In previous reports, England and Wales, Northern
Ireland, and Scotland submitted data separately. Since 1999, the United Kingdom submits data to
EuroTB in two ways – for England, Wales and Ulster (Northern Ireland) together, either with or
without Scotland. We have remained as consistent as possible with regard to area divisions in
order to allow interpretation of trends, thus England, Wales and Ulster are combined for trend
analysis, and Scotland remains separate. Cuba, France, Italy, and Japan operate sentinel networks
for surveillance. All, with the exception of Italy, can be considered nationally representative.
Italy’s network covers nearly half the country and is expanding. The last two surveys in Italy are
considered comparable; however, the survey appearing in the first report, which sampled only
HIV-positive patients, has not been included in the trend analysis. Additionally, the two data
points for Argentina are not comparable because two different sampling schemes were applied.
Final data from Ecuador and Honduras were not available at the time of analysis for this report,
and results should be considered preliminary. Final data from Ecuador are included in the country
profile annex. Data from Chile and Mpumalanga Province, South Africa, were included after
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analysis was completed; therefore, these data have been included in the country profile and the
estimate of MDR burden, but not in other analyses.

3.3.1 SURVEILLANCE TERMINOLOGY AND TARGET SURVEY AREAS

For the purposes of this report it is important to distinguish between surveys and surveillance.
The two can loosely be differentiated by the proportion and type of the population surveyed, the
length of the intake period, and the frequency with which the process is repeated.

Surveillance, in this report, refers to either continuous or sentinel surveillance.
Continuous surveillance requires DST to be routinely performed on all bacteriologically
confirmed cases in the coverage area, and thus reflects the entire TB population – smear-positive,
smear-negative, extrapulmonary – regardless of treatment status. Sentinel surveillance of drug
resistance, in the context of this report, comprises reporting of DST results from all TB cases
from a (random or non-random) sample of sites. Sentinel surveillance reports annual data from
the same sites.

Surveys are periodic, and reflect the population of registered pulmonary smear-positive
cases. Depending on the area surveyed, a cluster sampling technique may be adopted, or all
diagnostic units included. While some countries, such as Botswana, repeat surveys every 3–5
years, for the purposes of this report they are considered as repeated surveys and not surveillance.

In both survey and surveillance settings, the coverage area is usually the entire country,
but in some cases subnational units are surveyed. Large countries, such as China, India, the
Russian Federation and South Africa, tend to survey large administrative units (e.g. province,
state, district, oblast). Some countries have opted to limit surveys or surveillance to metropolitan
areas, as in the case of Democratic Republic of Congo, Serbia and Montenegro, and Spain.
Several countries (e.g., Cuba, France, Italy, and Japan) conduct sentinel surveillance. And some
countries have restricted surveys to subnational areas because of the remoteness of certain
provinces or to avoid conflict areas. Data for Denmark do not include Greenland and the Faroe
Islands. This report includes survey data from 39 countries or geographical settings and
surveillance data from 38 countries or geographical settings.

3.3.2 SAMPLE SIZE AND SAMPLING STRATEGIES

Calculation of sample size for surveys follows the principles outlined in the WHO/IUATLD
Guidelines for the surveillance of resistance in tuberculosis15.  Briefly, sample sizes are
calculated on the basis of the number of new sputum smear-positive cases registered in the
previous year and the expected prevalence of rifampicin (RMP) resistance in new TB cases based
on previous studies or data available from the NTP. Some countries, particularly those
conducting an HIV prevalence survey among TB patients at the same time as the drug resistance
survey, cultured all specimens from suspects, as was the case in South Africa, where the sample
size was based on the number of culture-positive TB cases. Ideally, separate sample sizes should
be calculated for new cases and previously treated cases. However, the number of sputum-
positive previously treated cases reported per year is usually small and, the intake period needed
to achieve a statistically adequate sample size would generally be too long. Therefore, most
countries have obtained an estimate of the drug resistance level among previously treated cases
by including all previously treated cases who present at centres during the intake period. While
this may not provide a statistically adequate sample size, it can nevertheless give a reasonable
estimate of drug resistance among previously treated cases. In the future, it may be possible to
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conduct surveys with sufficiently large samples of previously treated cases, especially in areas
where such cases comprise a large percentage of NTP case-holding. An alternative approach is to
conduct surveillance of all retreatment cases while performing surveys of new cases less
frequently e.g. every three years, as in the case of Chile.

Sampling strategies for monitoring of drug resistance include:
ǐ countrywide, continuous surveillance of the population;
ǐ surveys with sampling of all diagnostic centres during a specified period;
ǐ surveys with randomly selected clusters of patients;
ǐ surveys with cluster sampling proportional to the number of cases notified by the diagnostic
centre.

3.4 Bacteriological methods
In survey settings, sputum smear microscopy using the Ziehl-Neelsen technique was used for
diagnosis of TB and subsequent enrolment in the survey. In surveillance settings, a combination
of smear and culture was used for initial diagnosis. The majority of laboratories used Löwenstein-
Jensen (L-J) culture medium, and a some used Ogawa medium. Identification of isolates was
based on the niacin production test, the nitrate reduction test the para-nitrobenzoic (PNB) acid
(500 mg/l) test47 and the thiophene-2-carboxylic acid hydrazide (TCH)48 (2mg/l) resistance test.
Some countries also used hybridization probes. Species other than the pathogenic species of M.
tuberculosis complex were excluded from the analysis.

Drug resistance tests were performed using the simplified variant of the proportion
method on L-J medium, the absolute concentration method, the resistance ratio method4950, or the
radiometric Bactec 460 method51. The proportion method was most frequently used (55% of
participating settings) in this phase of the Global Project. Resistance was expressed as the
percentage of colonies that grew on critical concentrations of the drugs tested (i.e. 0.2 mg/l for
isoniazid (INH), 2 mg/l for ethambutol (EMB), 4 mg/l for dihydrostreptomycin sulfate and 40
mg/l for rifampicin (RMP) when L-J medium is used). The criterion used for drug resistance was
growth of 1% or more of the bacterial population on media containing the critical concentration
of each drug. The results of the tests were then recorded on standardized forms.

Proficiency testing and quality control of survey results are two components of externala

quality assurance. Briefly, proficiency testing requires the exchange of a panel of 20 (or more)
pretested isolates between the SRL and the NRL. Results of this round determine, in part,
whether the NRL is able to conduct DST for the survey or whether additional training is
necessary. For QA of survey results, the NRL sends a percentage of both resistant and susceptible
isolates to the SRL for checking. The percentage of isolates sent for checking is determined
before the beginning of the survey. Performance criteria are currently being developed for NRL
proficiency testing. Additionally, there are now efforts to standardize the panels circulated to
countries for easier interpretation of results between countries and over time. To date, the results
of national reference laboratory proficiency testing have been evaluated by the corresponding
SRL and interventions have been based on the judgement of the SRL. In several instances testing
has been repeated to ensure acceptable quality and, in a very few instances, surveys have been
interrupted because of discordance between the NRL and the SRL.

                                                          
a In most cases external quality control is international, as often the SRL is located outside of the country.
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3.5 Collection of data
3.5.1 PATIENT ELIGIBILITY AND REGISTRATION

For surveys, all newly registered patients with smear-positive TB were eligible for inclusion,
including children, foreign-born persons, hospitalized patients, and those with known HIV
coinfection. In surveillance settings, all TB patients were included. It was recommended that
special groups likely to have higher levels of resistance, e.g. prisoners, were sampled separately
in order not to artificially elevate overall rates of resistance. As in previous phases of the Global
Project, HIV testing was not a mandatory component of these surveys; however, it has
increasingly been incorporated in survey settings.  Geographical settings that performed HIV
testing as part of the survey were advised to follow international guidelines on counselling and
confidentiality.  In almost all settings, with the exception of Kinshasa, Democratic Republic of
Congo, Australia, and Scotland, data were divided by treatment status. In some European
countries, “unknown” was a category of treatment status; though this category is not displayed
individually the cases are captured in the combined column. In a few countries, testing of
streptomycin (SM) resistance is not systematically performed; where this is the case a footnote
appears in the country profile.

3.5.2 ACCURACY OF INFORMATION ON PRIOR TB TREATMENT

It was recommended that reinterview and double-checking of patient histories be undertaken in
survey settings to reduce the possibility of misclassification of previously treated cases. In
geographical areas where people may be reluctant to reveal treatment status, verification of
treatment status plays a particularly important role. In two Chinese provinces – Henan in 1996
and Liaoning in 1999 – rechecking took place after the completion of the survey because MDR
among new cases appeared to be considerably higher than expected and misclassification was
suspected.

3.5.3 DATA MANAGEMENT IN INDIVIDUAL COUNTRIES

Since 1998, EuroTB, a project funded by the European Commission and based in Paris, France,
has undertaken continuous collection and verification of drug resistance surveillance data in
Western Europe and much of Central Europe. Since 2001, WHO and EuroTB have used a
common collection form. All the data for Western Europe and much of that for Central Europe
included in the present report were provided by EuroTB and conform to WHO/IUATLD Global
Project standards. Other countries conducting surveillance have provided data either directly to
WHO Headquarters or via WHO regional offices. All data files and epidemiological profiles have
been returned to countries for verification before publication. In this phase of the Global Project,
version 3 of the WHO software, Surveillance of drug resistance in tuberculosis (SDRTB 3.0),
was used by many countries conducting surveys for data entry, management, and analysis at the
local level52.  However, most countries conducting continuous surveillance of drug resistance in
all TB cases use their own software. The Global Project requests that survey protocols include a
description of methods used for the quality assurance of data collection, entry, and analysis.
However, to date there has been no systematic procedure to ensure that described methods are
employed at the country level.
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3.6 Statistical procedures – data entry, checking and cleaning
Recent data provided by EuroTB or national authorities were entered in a database to which all
data from the first and second report were added, thus covering the whole study period 1994–
2002.

The consistency and plausibility of the data have been checked through programmes
written in Epi-Info 6 and SPSS/Windows 9.0. The data checking was not restricted to the third
report, but included also the first and second reports. Inconsistencies and errors have been
corrected if the available evidence allowed it. Where the analysis of the trends showed
irregularities, verification was requested from the reporting parties. The final data sheets were
submitted to the reporting bodies for their approval.

3.7 Statistical analysis
3.7.1 PHASE 3 OF THE GLOBAL PROJECT  (MOST RECENT DATA)
Analysis was conducted on drug resistance data for new cases, previously treated cases, and
combined prevalence. The following patterns of drug resistance were highlighted: resistance to
any TB drug, single-drug resistance, resistance to three or four drugs, MDR-TB, and resistance to
any of the four first-line drugs (isoniazid, rifampicin, ethambutol, streptomycin). Descriptive
statistics were calculated in Epi Info (version 6.04d) and SPSS/Windows 9.0. Arithmetic means,
medians and ranges were determined as summary statistics for new, previously treated, and
combined cases, for individual drugs and pertinent combinations. For geographical settings
reporting more than a single data point since the second report, only the latest data point was used
for the estimation of point prevalence. Chi-squared and Fisher exact tests were used to test the
null hypothesis of equality of prevalences. All tests of significance were two-tailed and the alpha-
error was kept at the 0.05 level in all inference procedures. Ninety-five percent confidence
intervals were calculated around the prevalences and the medians.

The coverage of the Global Project was estimated using notified TB cases, notified new
smear-positive cases, and population figures for the year 2001 reported to WHO53. For
geographical settings reporting more than one data point, only the latest data point was used for
these calculations. Reported notifications were used for each country that conducted a
representative nationwide survey. For surveys carried out on a subnational level (states,
provinces, oblasts), information representing only the population surveyed is included where
appropriate.

3.7.2 DYNAMICS OF RESISTANCE  OVER TIME

Analysis was conducted on prevalences of drug resistance among new cases, among previously
treated cases, and combined prevalence. In order to be comprehensive, all countries and settings
with more than one data point were included in this exercise; thus some information from the
second phase of the global project is repeated. The following patterns of drug resistance were
highlighted: any drug resistance, MDR, any INH resistance, and any RMP resistance.

In geographical settings where only two data points were available since the start of
monitoring, the prevalences were compared through the prevalence ratio (the first data point
being used as the base for comparison), and through error bar charts, representing the 95%
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confidence interval around the prevalence ratio. The chi-squared test and Fisher exact two-tailed
test were used to test the equality of prevalences, and 95% confidence intervals were set around
the prevalence ratios.

For settings that reported at least three data points, the trend was determined visually as
ascending, descending, flat or “saw pattern”. The relative increase or decrease was expressed as a
ratio, e.g. for MDR among new cases in Botswana: the MDR prevalence for 2002 was 1.3% and
for 1995 0.2%; the ratio = 1.3/0.2, a 6.5-fold increase. Where the trend was linear, the slope was
tested using a chi-squared test of trend. Where no linear trend was present, a chi-squared or
Fisher exact test was used. The chi-squared test was applied to absolute numbers, not proportions.

3.7.3  DETERMINANTS OF DRUG RESISTANCE (ECOLOGICAL ANALYSIS)
In order to study the factors associated with drug resistance, an ecological analysis was
performed. The variables included were selected in function of their presumed impact on
resistance and their potential for retrieval. A conceptual framework was developed that structured
the retained variables along three axes: patient-related, health-system-related, and contextual
factors. Prevalence of any resistance and MDR were retained as outcome variables.

3.7.3.1 Sources of information
All countries participating in Global Project surveys received a standardized form to collect
relevant data. Several countries did not report on specific ecological variables, thus reducing the
impact of the analysis. Ecological analysis was performed at the country level, thus the indicators
reflect national information. Data on the incidence of TB and the TB programme information
were taken from the WHO Report 2003, Global Tuberculosis Control, surveillance, planning,
financing.  The information on the contextual and health-system-related factors were obtained
from various sources: UNDP Human Development Report 2002, The World Health Report 2000,
and The World Health Report 2002. Efforts were made to fill in gaps in information, but for some
settings not all relevant data were available. To avoid the elimination of those settings from the
multivariate analysis, the “hot deck technique”54 was applied, substituting the missing values
with the mean value for the particular WHO region or subregion.

3.7.3.2 Statistical analysis of the aggregate data
A bivariate analysis was carried out by means of the Spearman rank correlation. Multiple linear
regression analysis was carried out with SPSS/Windows 9.0, and mainly backwards approaches
were used. The significant variables were retained for the multivariate analysis and a multiple
regression technique was used.

The arcsin transformation of the square root of the outcome variables was carried out as a
normalization procedure to safeguard the requirements of the multiple linear regression
modelling. This procedure stabilizes the variances when the outcome variable is a rate, and is
especially useful when the value is smaller than 30% or higher than 70%, which is the case for
both outcome variables. The impact of weighting on the regression results was explored, taking
sample sizes at country level as weights. However, the differences between the weighted and
unweighted regressions were trivial and the results given are those of the unweighted multiple
linear regression. In the model, only factors with a P value <0.10 were retained. All tests of
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significance were two-tailed. The most parsimonious models were retained as final models, for
which the normal plot for standardized residuals complied best with the linearity requirements.

3.7.4 MDR PROJECTIONS

The validity of a statistical cut-off point for an MDR “hot spot” was examined in relation to the
distribution of the most recent data points from settings included in the Global Project since
1994. The criterion of “outlier” in the ranked MDR prevalences was used as the basis for the
proposition of this point.

The burden of MDR at the country/geographical setting level was estimated
epidemiologically, by determining the expected total number of combined MDR cases. For
countries implementing surveys, the figure was estimated by applying the prevalence of MDR
among new cases to the reported number of notified new sputum smear-positive cases and the
prevalence of MDR among previously treated cases to the number of notified retreatment cases.
Notifications reported in the WHO TB report53 were used, or from national TB programmes for
subnational settings. For countries conducting surveillance, new and previously treated MDR
cases were added to generate a total population. Ninety-five percent confidence limits around
proportions were determined using the Fleiss quadratic method in Epi Info (version 6.04d).

3.7.5 PATTERNS OF RESISTANCE

Patterns of resistance were studied at the level of isolates. Almost 90 000 isolates, representative
of the most recent data point for every country surveyed between 1994 and 2002, were included
in the analysis. Patterns were determined for prevalence (in relation to total number of isolates
tested) and for proportion (in relation to the total number of isolates showing any resistance).

3.7.6 RESISTANCE TO RMP: A GOOD SURROGATE MARKER FOR MDR?
In determining whether rifampicin resistance is a good surrogate marker for MDR, the pertinent
question is as follows: “What is the probability that a isolate testing resistant to RMP is, in fact,
resistant to RMP and also INH?” The question is best addressed using the positive predictive
value (PPV). The calculation of PPV is usually based on a 2 x 2 table. However, the use of RMP
resistance as a surrogate for MDR should be addressed using a 2 x 3 table, to account for the
sensitivity and specificity of the test and the range of non-MDR rifampicin resistance, such as
resistance only to RMP (monoR), to RMP and EMB (RE), to RMP and SM (RS), and to RMP,
EMB and SM (RES).



26

Any R +
MDR+ MDR-

Any R- Total

R+
R+/MDR+ R+/MDR- R+/AnyR-

× R+

R-
R-/MDR+ R-/MDR- R-/AnyR-

× R-

Where:
MDR + = reported HR, HRS, HRE, HRSE resistant cases;
MDR -  = reported monoR, RE, RS, RES resistant cases;
AnyR -  = all reported non-rifampicin-resistant isolates in the sample (i.e. all susceptible isolates).

The total of MDR+, MDR- and AnyR- cases = total sample population.

The values inside the boxes are calculated as follows :
R+/MDR+  =  the  number of MDR+ cases multiplied by the sensitivity;
R+/MDR-  =   the  number of MDR- cases multiplied by the sensitivity;
R+/AnyR-  =   the number of AnyR- cases multiplied by [1- specificity].

Sensitivity and specificity values were calculated from the cumulative results of 5 rounds of SRLN proficiency
testing55 PPV was then calculated as  (R+/MDR+) / ×R+. The PPV was graphically represented as a scatter plot
against the MDR prevalence.

3.8 Validity of the findings
Surveillance and survey data are prone to errors that may to some extent invalidate the findings.
Those errors, or biases, may be related to the selection of subjects, the data-gathering or the data
analysis.

3.8.1 Selection bias
Where cases are sampled only for a short period or in a restricted geographical area, the sample
may not be fully representative of the total eligible population. This was the case in Italy in 1994,
when only HIV-infected patients were studied. As a result, in the first report, these data were
excluded from the analysis; we have also excluded the Italian data from the trend analysis.
Selection bias may also occur when only a particular subgroup of TB patients is included in the
sample, as was the case in a number of settings that included only MDR cases in the previously
treated cases. For these settings, the analysis was restricted to new cases only.

3.8.2 Observation and information bias.
Distinguishing accurately between new and previously treated cases is not always possible, as
this depends on the patients’ willingness to disclose a history of prior anti-TB treatment and on
the training and motivation of the staff. For various reasons, patients may be unaware of their
treatment antecedents, or prefer to conceal this information. Consequently, in some survey
settings, a certain number of previously treated cases were probably misclassified as new cases.
(Misclassification in the opposite direction is considered unlikely.) The impact of this
misclassification may result in an overestimation of the resistance rates among new cases; it is
difficult, however, to estimate the magnitude of this bias. It is important to mention that the
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prevalence of resistance rates will be biased only if the correctly classified and misclassified TB
patients have different risks for drug resistance.

 Test bias
Another bias, which is often not addressed in field studies, is the difference between the true
prevalence and the observed or “test” prevalence. That difference depends on the magnitude of
the true prevalence in the population, and the performance of the test under study conditions (i.e.
its sensitivity and specificity). In practice, no test is completely accurate. Therefore reported
prevalence will either over- or underestimate the true prevalence in the population. In the context
of anti-TB drug resistance surveillance, where prevalence of MDR is relatively low, an
overestimation of prevalence rates is more likely even with relatively high sensitivity and
specificity of the DST55.  Theoretically, underestimation of the prevalence rates could also occur,
when tests of low sensitivity are used in situations of high endemicity.

Representativeness of rates
Some settings reported a small number of resistant cases, and a few settings reported a small
number of total cases examined. There were a number of possible reasons for these small
denominators in various participating geographical settings, ranging from small absolute
populations in some surveillance settings to feasibility problems in survey settings. This was
particularly true for previously treated cases. The resulting reported prevalences thus lack
stability and important variations are seen over time, though most of the variations are not
statistically significant. Where there were serious doubts concerning the representativeness of the
sample of previously treated cases, the data were not included in the final database.

Analysis of trends
Although serious efforts have been made to obtain data that are as reliable as possible, some
residual irregularities were detected in a number of settings. Such irregularities may be caused by
diagnostic misclassification, changes in coverage, or reporting errors. They may also be a result
of selective migration. However, most are minor and do not invalidate the observations.

Ecological fallacy
Whenever data to be analysed consist of summaries at group level, as is the case here, there is
risk of ecological fallacy,a where observed relationships at one level do not hold true at another
level. As an example, TB programme indicators (coverage, functionality, effectiveness) were not
found to be related to the resistance rates at the aggregate level. There is, however, substantial
evidence that a good DOTS programme prevents the emergence of drug resistance among new
cases, at the individual patient level.

The estimation of the MDR burden
In settings where exhaustive surveillance was carried out, the population data produced a
straightforward estimate of the MDR burden in all pulmonary and extrapulmonary TB cases in
the area. With survey data, the estimation was based on the sample rates and new and retreatment

                                                          
a Ecological fallacy: an error in inference due to failure to distinguish between different levels of the factors
involved. A correlation between variables based on group (ecological) characteristics is not necessarily reproduced
between variables based on individual characteristics. An association at one level may disappear or even be reversed
by grouping the data.
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notifications. Upper and lower estimates were based on the assumption of reasonable
representativeness of the sample and parent populations.

Patterns
The analysis included only the isolates examined at the most recent data point. The advantage of
this approach is the avoidance of excessive weighting of crude results by those settings with
several data points and a large sample size.
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TABLE 1.  WHO/IUATLD NETWORK OF SUPRANATIONAL LABORATORIES AND ASSOCIATED NATIONAL
REFERENCE LABORATORIES (1994-2003)

SRL Country Setting Year Status
Tuberculosis Research Centre, Chennai, India

India North Arcot District, Tamil Nadu State 1999 Completed
India Raichur District, Karnataka State 1999 Completed
India Wardha District, Maharashtra State 2001 Completed
Myanmar 2002 Completed
Indonesia * Planned
India Rajasthan State * Planned
India Maharashtra State * Planned

Swedish Institute for Infectious Disease Control (SIIDC), Stockholm, Sweden
Sweden * Surveillance
Latvia * Surveillance
Estonia * Surveillance
Finland * Surveillance
Norway * Surveillance
Lithuania * Surveillance
Romania * Ongoing
Iran * Planned
Russian Federation Additional  Oblasts * Planned

Reference Laboratory Mycobacteriology, Statens Serum Institut (SSI), Denmark under SIIDC, Sweden
Denmark * Surveillance
Iceland * Surveillance
Lithuania * Surveillance

NIPH, Norway under SIIDC, Sweden
Mozambique 1999 Completed

Servicio de Microbiologia, Hospital Universitaris Vall d'Hebron, Barcelona, Spain
Spain Barcelona * Surveillance
Spain Galicia 2002 Completed

Research Institute of Tuberculosis (RIT), Tokyo, Japan
Cambodia 2001 Completed
Iran 1998 Completed
Singapore * Surveillance
Mongolia 1999 Completed
Japan 1997 Completed
Malaysia Peninsular Malaysia 1997 Completed

Queensland Mycobacterium Reference Laboratory, Australia
Australia * Surveillance
New Zealand * Surveillance
India Tamil Nadu State 1997 Completed
India Delhi State 1995 Completed

Health Protection Agency, Mycobacterium Reference Unit, London, UK (formerly PHLS)
Belgium * Surveillance
Northern Ireland * Surveillance
Ireland * Surveillance
France Sentinel sites * Surveillance
Switzerland * Surveillance
Malta * Surveillance
Ireland * Surveillance
Switzerland * Surveillance
The Gambia 2000 Completed
Kenya Nearly countrywide 1995 Completed
Israel * Surveillance
United Kingdom Scotland * Surveillance
United Kingdom * Surveillance
Kenya * Ongoing

Prince Leopold Institute of Tropical Medicine, Antwerp, Belgium
Belgium * Surveillance
D.R. Congo Kinshasa 1999 Completed
Romania 1995 Completed
Georgia * Planned
Brazil Nationwide, by state * Planned
BAS Congo * Planned
Rwanda * Planned
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SRL Country Setting Year Status
National Reference Center for Mycobacteria, Borstel, Germany

Germany * Surveillance
Bosnia Herzegovina * Surveillance
Slovenia * Surveillance
Turkmenistan Aral Sea 2002 Completed
Uzbekistan Aral Sea 2002 Completed
Serbia and Montenegro * Surveillance
Kazakhstan 2001 Completed
Zimbabwe 1995 Completed
Bosnia Herzegovina * Surveillance
Croatia * Surveillance
Slovakia * Surveillance
Kyrgyzstan * Planned
Armenia * Planned
Azerbaijan * Planned
Russian Federation 5 Oblasts * Planned

National Institute of Public Health, Prague, Czech Republic
Slovakia * Surveillance
Czech Republic * Surveillance

National Institute of Public Health and the Environment (RIVM), Bilthoven, The Netherlands
Poland 1997, 2001 Completed
Netherlands * Surveillance
Ethiopia 2004 Ongoing

Medical Research Council (MRC) National TB Research Programme, South Africa
South Africa Eastern Cape Province 2002 Completed
South Africa Gauteng Province 2002 Completed
South Africa Kwazulu-Natal Province 2002 Completed
South Africa Limpopo Province 2002 Completed
South Africa North West Province 2002 Completed
South Africa Western Cape Province 2002 Completed
South Africa Free State Province 2002 Completed
South Africa Mpumalanga 1997, 2002 Completed
Swaziland 1995 Completed
Lesotho 1995 Completed
Zambia 2000 Completed
Tanzania * Planned
Malawi * Ongoing
Nigeria 3 states * Planned

Massachusetts State Laboratory, Boston, United States of America
Russia Tomsk Oblast * Surveillance

*Laboratory Centre for Disease Control, Ottawa, Canada,
(Since 1999, National Reference Centre for Mycobacteriology, Winnipeg, Canada)

Dominican Republic 1995 Completed
Canada * Surveillance

Laboratoire de la Tuberculose Institut Pasteur d'Algérie-Alger, Alger, Algeria
Benin 1997 Completed
Egypt 2002 Completed
Algeria 2001 Completed
Syria 2004 Ongoing
Jordan 2004 Ongoing

Kuratorium Tuberkulose in der Welt E.V., Gauting, Germany
Nepal 1996, 99, 01 Completed
Ukraine Donetsk Oblast * Planned

Korean Institute of Tuberculosis (KIT), Seoul, Republic of Korea
China Hong Kong * Surveillance
China Shandong Province 1997 Completed
China Henan 1996, 2001 Completed
China Guandong 1999 Completed
China Hubei 1999 Completed
China Zhejiang 1999 Completed
China Liaoning 1999 Completed
Republic of Korea 1994, 1999 Completed
Thailand 1997, 2001 Completed
Viet Nam 1997 Completed
China *Xinjiang Planned
China *Hunan * Ongoing
China *Beijing City * Planned
China *Shanghai City * Planned
China *Chongqing * Planned
China *Heilongjiang * Planned
China *Inner Mongolia * Ongoing
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SRL Country Setting Year Status
Instituto Superiore di Sanità, Rome, Italy

Italy * Surveillance
Qatar * Surveillance
Oman * Surveillance
Mozambique * Planned
Turkey * Planned

*Instituto Panamericano de Proteccion de Alimentos y Zoonosis (INPPAZ) Buenos Aires, Argentina
Chile 1997 Completed
Uruguay 1997 Completed
Brazil 1996 Completed
Cuba * Surveillance
Argentina 1994, 1999 Completed
Peru 1996 Completed
Nicaragua 1998 Completed
Bolivia 1996 Completed

Instituto Nacional de Saúde,Porto, Portugal
Portugal 1995 Completed

Instituto de Salud Pública de Chile,  Santiago, Chile
Chile 2001 Completed
Colombia 2000 Completed
El Salvador 2001 Completed
Venezuela 1999 Completed
Ecuador 2002 Ongoing
Uruguay 1999 Completed
Cuba * Surveillance
Honduras 2002 Ongoing
Paraguay 2003 Ongoing
Guatemala 2003 Ongoing
Bolivia 2003 Ongoing
Panama * Planned

Institut Pasteur, Centre National de Référence des Mycobacteries, Paris, France
Guinea Sentinel sites 1998 Completed
Russia Ivanovo Oblast 1998 Completed
Ivory Coast 1996 Completed
Central African Republic Bangui 1998 Completed
France Sentinel sites * Surveillance
New Caledonia 1996 Completed
Oman * Surveillance
Algeria 2001 Completed
Senegal * Planned
Lebanon * Planned

Centers for Disease Control and Prevention (CDC), Atlanta, United States of America
Botswana 1996, 1999,

2002
Completed

United States * Surveillance
Puerto Rico * Surveillance
Russia Orel Oblast 2002 Completed
Mexico Baja California, Sinaloa, Oaxaca 1997 Completed

*Armauer Hansen Institut, Würtzburg, Germany
Sierra Leone Nearly countrywide 1996 Completed
Uganda 3 GLRA Zones * 1997 Completed

*indicates the laboratory has either closed or is no longer part of the network
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TABLE 2 COVERAGE OF THE GLOBAL PROJECT BY WHO REGIONS, 1994-2002

W H O  r e g i o n P a r a m e t e r T o t a l  i n  r e g i o n
 ( 2 0 0 1 ) P r o j e c t  T o t a l ( % )

A F R T o t a l  s e t t i n g s - 2 4 -
T o t a l  c o u n t r i e s 4 6 1 7 3 7
P o p u l a t i o n 6 5 5 , 5 1 5 , 0 0 0 2 1 7 , 4 1 8 , 0 0 0 3 3
T B  c a s e s  ( A L L ) 8 1 1 , 1 7 2 3 9 4 , 7 8 5 4 9
T B  c a s e s  ( n e w  s s + ) 3 7 5 , 9 9 7 1 8 6 , 1 3 9 5 0

A M R T o t a l  s e t t i n g s - 1 8 -
T o t a l  c o u n t r i e s 4 4 1 8 4 1
P o p u l a t i o n 8 4 2 , 4 4 2 , 0 0 0 8 0 2 , 9 2 2 , 0 0 0 9 5
T B  c a s e s  ( A L L ) 2 2 9 , 8 7 3 2 1 8 , 6 0 3 9 5
T B  c a s e s  ( n e w  s s + ) 1 2 9 , 5 3 6 1 1 9 , 9 2 6 9 3

E M R T o t a l  s e t t i n g s - 5 -
T o t a l  c o u n t r i e s 2 3 5 2 2
P o p u l a t i o n 4 9 6 , 4 2 2 , 0 0 0 1 7 4 , 0 7 6 , 0 0 0 3 5
T B  c a s e s  ( A L L ) 1 6 5 , 0 6 0 1 1 , 4 8 0 7
T B  c a s e s  ( n e w  s s + ) 6 8 , 9 2 4 8 0 2 2 1 2

E U R T o t a l  s e t t i n g s - 3 9 -
T o t a l  c o u n t r i e s 5 1 3 6 7 1
P o p u l a t i o n 8 7 4 , 2 2 1 , 0 0 0 4 7 6 , 3 9 5 , 0 0 0 5 4
T B  c a s e s  ( A L L ) 3 6 8 , 1 3 6 1 2 1 , 5 5 2 3 3
T B  c a s e s  ( n e w  s s + ) 8 6 , 0 1 2 4 1 , 1 0 7 4 8

S E A R T o t a l  s e t t i n g s - 6 -
T o t a l  c o u n t r i e s 1 0 3 3 0
P o p u l a t i o n 1 , 5 5 9 , 8 1 9 , 0 0 0 1 6 6 , 1 0 0 , 0 0 0 1 1
T B  c a s e s  ( A L L ) 1 , 4 1 4 , 8 4 5 1 5 6 , 9 9 9 1 1
T B  c a s e s  ( n e w  s s + ) 5 6 1 , 9 0 1 7 9 , 3 6 3 1 4

W P R T o t a l  s e t t i n g s - 1 7 -
T o t a l  c o u n t r i e s 3 6 1 1 3 1
P o p u l a t i o n 1 , 7 0 2 , 4 8 7 , 0 0 0 7 3 0 , 9 2 6 , 0 0 0 4 3
T B  c a s e s  ( A L L ) 8 2 4 , 0 2 3 4 0 0 , 1 0 5 4 9
T B  c a s e s  ( n e w  s s + ) 3 7 9 , 7 8 3 1 9 3 , 0 1 7 5 1

W O R L D T o t a l  s e t t i n g s - 1 0 9 -
T o t a l  c o u n t r i e s 2 1 0 9 0 4 3
P o p u l a t i o n 6 , 1 3 0 , 9 0 6 , 0 0 0 2 , 5 6 7 , 8 3 7 , 0 0 0 4 2
T B  c a s e s  ( A L L ) 3 , 8 1 3 , 1 0 9 1 , 3 0 3 , 5 2 4 3 4
T B  c a s e s  ( n e w  s s + ) 1 , 6 0 2 , 1 5 3 6 2 7 , 5 7 4 3 9

*  D e n o m i n a t o r s  i n c l u d e  n o t i f i e d  T B  c a s e s  a n d  s p e c i f i c  p o p u l a t i o n  o f  t h e  s e t t i n g  s u r v e y e d

FIGURE 1. ESTIMATED COVERAGE OF THE GLOBAL PROJECT, 1994-2002*
WORLD'S TB BURDEN

(n=1. 6 million ss+ caes)

39%61%

WORLD COUNTRIES
(n=210 countries)

43%

57%

WORLD'S POPULATION
(n=6,130 million people)

42%
58%

* Coverage, depicted in gray, was estimated using population figures and notified TB incidence in 2001. For sub-national
administrative units (state, province, oblast) denominators include population and TB incidence from those units only.
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4. RESULTS

Phase 3 of the Global Project provides the most recent data on antituberculosis drug
resistance, from 77a geographical settings representing 62 countries. Of these, 39 settings have
never previously provided data. Two settings have not been included in the analysis:
Mpumalanga Province, South Africa, and Chile.

Subnational surveys, i.e. at the provincial, district, or city level, account for the
discrepancy between the number of geographical settings and the number of countries. Six
countries had results for 21 projects: eight in South Africa covering the entire country (the
provinces of Eastern Cape, Free State, Gauteng, Kwazulu-Natal, Limpopo, North West,
Mpumalanga, and Western Cape), four in China (the provinces of Henan, Hubei, and Liaoning,
and Hong Kong Special Administrative Region), three in India (North Arcot District, Tamil Nadu
State, Raichur District, Karnataka State, and Wardha District, Maharashtra State), two in the
Russian Federation (Orel and Tomsk Oblasts), two in Spain (Barcelona and Galicia Provinces),
and two in the United Kingdom (England, Wales, Northern Ireland and Scotland).

Types of data
The most recent anti-TB drug resistance profile contains data from 77 settings:b

� 65 settings provided information on drug resistance among new, previously treated and

combined cases;

� 9 settings reported drug resistance information on new cases only;

� 3 settings (Kinshasa, Democratic Republic of Congo and Australia) reported drug resistance

information on combined cases only.

Thus analyses were possible for: new cases (74 settings); previously treated cases (66 settings); and combined

cases (69 settings).c

                                                          
a Data from 77 settings are included in the analysis, 79 settings have been included in the country profile annex
representing 63 countries.
b Data from the following settings are still preliminary: Ecuador, Honduras.
c This is the sum of the 65 settings reporting new, previously treated and combined cases, plus the three settings
that reported only combined data, plus the combined data for Puerto Rico. Puerto Rico  reported only new cases
in 2001, but new, previously treated and combined cases from 1997 until 2000. We therefore included the
combined data of Puerto Rico for 2000.
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4.1 Prevalence of drug resistance
4.1.2 DRUG RESISTANCE AMONG NEW CASES OF TUBERCULOSIS

Full details of the prevalence of drug resistance among new cases for the period 1999–2002 are
given in Annex 1. Countries and geographical settings are stratified by WHO Region. The median
number of cases tested per setting was 459.

Any resistance among new cases
Seventy-four countries/geographical settings provided data on the prevalence of drug

resistance among new cases of TB  found in Annex 1 and.  The overall drug resistance ranged
from 0% (Andorra, Iceland, Malta) to 57.1% (Kazakhstan), with a median of 10.2% (95% CI:
8.8–11.6%). Thirteen settings reported a prevalence of any resistance higher than 25%. Of these,
nine reported prevalences near 30%, and four reported substantially higher levels: Kazakhstan
(57.1%), Karakalpakstan, Uzbekistan (48.1%), Liaoning Province, China (42.1%) and Tomsk
Oblast, Russian Federation (37.3%) (Figure 2).

FIGURE 2: COUNTRIES/SETTINGS WITH PREVALENCE OF ANY
RESISTANCE HIGHER THAN 25% AMONG NEW CASES, 1999–2002
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MDR among new cases
Prevalence of MDR ranged from 0% (Andorra, Cambodia, Iceland, Luxembourg, Malta,

New Zealand, Oman, Scotland, Slovenia, and Switzerland) to 14.2% (Kazakhstan and Israel).
The median was 1.1%. Ten settings had an MDR prevalence higher than 6.5% (Figure 3).

FIGURE 3: COUNTRIES/SETTINGS WITH MDR PREVALENCE HIGHER
THAN 6.5% AMONG NEW CASES 1999-2002
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Resistance among new cases according to number of drugs
Prevalence of monoresistance (resistance to a single drug) ranged from 0% to 21.7%

(Egypt) with a median of 7.0% (Annex 1). Nine settings reported rates higher than 15%: Egypt
(21.7%); Liaoning, China (21.6%); Dashoguz, Turkmenistan (21%); Mongolia (18.3%); North
Arcot District, India (16.7%); Henan Province, China (15.6%); Raichur District, India (15.5%);
Wardha District, India (15.2%); and Norway (15.0%). Resistance to two drugs ranged from 0%
to 17.8% (Kazakhstan), with a median of 2.2%. Resistance to three or four drugs was less than
2% in 80% of the settings. Six settings had rates over 10%: Kazakhstan (25.3%); Karakalpakstan,
Uzbekistan (19.8%); Israel (14.6%); Estonia (13.4%); Tomsk Oblast, Russian Federation
(13.1%); and Latvia (10.3%).

Any resistance among new cases by individual drug
Annex 2 shows the prevalence of any resistance to each of the four drugs among new cases.

The highest prevalence of any resistance to each drug was observed in Kazakhstan (INH, 42.6%;
RMP, 15.6%; EMB, 24.8%; SM, 51.5%). The distributions of resistance are illustrated as
boxplots in Figure 4.
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FIGURE 4: PREVALENCE OF ANY RESISTANCE TO INH, RMP, EMB AND SM AMONG NEW
CASES, 1999–2002

A boxplot is a summary graphical display, showing the median, quartiles, outliers and extreme values.
The box represents the interquartile range, which contains 50% of the observations, and shows the
median value and adjusted 25th and 75th percentiles.The whiskers are lines extending from the box to
the highest and lowest values that are not outliers.A line across the box indicates the median.Circles
represent outliers and stars extreme values. Outliers and extreme values are so low or so high that
they stand apart from the data batch.They merit attention as they present valuable information about
epidemiological clues or data validity.

Outliers are values between 1.5 and 3 box lengths from the upper or lower edge of the box.
Extreme values are more than 3 box lengths from the upper or lower edge of the box.

Any INH resistance. The median prevalence of resistance to INH was 5.6%. Several outliers were
observed: Tomsk Oblast, Russian Federation (29.1%); Latvia (29.0%); Israel (25.7%); Lithuania
(25.4%); Liaoning Province, China (25.3%); North Arcot, India (23.4%) and Estonia (22.9%).
Extreme high values were found in Karakalpakstan, Uzbekistan (37.0%), and in Kazakhstan
(42.6%).
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Any RMP resistance. The median prevalence of resistance to RMP was 1.4%. One outlier was
observed (Egypt, 7.0%)a and ten settings reported extreme values: Latvia (9.3%); Lithuania
(9.8%); Henan, China (9.7%); Ecuador (10.2%); Liaoning Province, China (11.4%); Estonia
(12.2%); Karakalpakstan, Uzbekistan (13.2%); Tomsk Oblast, Russian Federation (14.3%); Israel
(14.6%); and Kazakhstan (15.6%).
Any EMB resistance. The median prevalence of resistance to EMB was 0.8%. Outliers were
observed in Orel Oblast, Russian Federation (4.7%); Latvia (6.2%); Norway (6.9%); and
Lithuania (7.3%). Extreme values were observed in Kazakhstan (24.8%); Karakalpakstan,
Uzbekistan (15.1%); Estonia (13.2%); and Israel (9.9%).
Any SM resistance. The median prevalence of resistance to SM was 6.3%. Outliers were observed
in Egypt (23.6%), Mongolia (24.2%), Latvia (24.4%), Dashoguz, Turkmenistan (24.8%), Tomsk
Oblast, Russian Federation (34.1%) and Liaoning Province, China (34.1%). Extreme high values
were reported in Karakalpakstan, Uzbekistan (44.3%), and Kazakhstan (51.5%).

New cases resistant to INH but susceptible to RMP
In fifteen settings, more than 10% of cases were resistant to INH but susceptible to RMP

(Figure 5). The highest values were observed in Kazakhstan (28.4%) and Karakalpakstan (23.6%).

FIGURE 5: SETTINGS WITH  MORE THAN 10% OF NEW CASES
SHOWING RESISTANCE TO INH BUT SENSITIVITY TO RMP, 1999–
2002
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4.1.2 DRUG RESISTANCE AMONG PREVIOUSLY TREATED CASES

Data on the prevalence of drug resistance among previously treated cases were available
for 66 countries/geographical settings (Annex 3 and 4). The number of cases tested ranged from 1
(Malta and Iceland) to 668 (Poland) with a median of 100 cases per setting. Several settings
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reported a small number of cases tested (1–19 cases in 6 settings; 20–49 cases in 14 settings; 50–
99 cases in 11 settings).a

Any resistance among previously treated cases
The median prevalence of any resistance among previously treated cases was 18.4%.

There was no resistance reported in the Gambia, Iceland, Malta and Luxembourg, where the
number of previously treated cases was very small. In contrast, Kazakhstan and Karakalpakstan,
Uzbekistan, showed tremendously high prevalences of any resistance – 82.1% and 79.4%
respectively. In 11 settings, prevalence of any resistance was higher than 50% (Figure 6).

FIGURE 6: COUNTRIES/SETTINGS WITH A PREVALENCE OF ANY
RESISTANCE HIGHER THAN 50% AMONG PREVIOUSLY TREATED
CASES, 1999–2002
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a In view of the smallness of the denominator in these settings, their observed rates can be labelled as “unstable”;
not too much importance should be attached to their level and variations.
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MDR among previously treated cases
The median prevalence of MDR was 7.0%. No MDR was reported in Belgrade, Serbia

and Montenegro, Malta, Luxembourg, Iceland, The Gambia, New Zealand, Norway, and
Slovenia. Kazakhstan (56.4%) and Oman (58.3%) reported the highest prevalences of MDR.

FIGURE 7: COUNTRIES/SETTINGS WITH PREVALENCE OF MDR
HIGHER THAN 30% AMONG PREVIOUSLY TREATED CASES, 1999–
2002

Country/Settin

H
en

an

Eg
yp

t

K
ar

ak
al

pa
ks

ta
n

O
re

l O
bl

as
t

To
m

sk
 O

bl
as

t

Es
to

ni
a

Li
th

ua
ni

a

K
az

ak
hs

ta
n

O
m

an

Pr
ev

al
en

ce
 o

f M
D

R
 (%

) 

70

60

50

40

30

20

10

0

Resistance among previously treated cases according to number of drugs
Resistance to a single drug ranged from 0% in the Gambia, Oman, Iceland, Luxembourg,

and Malta, to 27.6% in Honduras and 23.5% in Dashoguz, Turkmenistan. The median prevalence
of monoresistance was 8.7%. The median prevalence of resistance to two drugs was 4.5%, with
the highest prevalences reported by Denmark (21.2%) and Liaoning Province, China (20.9%).
The median prevalence of resistance to three or four drugs was 4.5%. Twelve settings reported no
resistance to three or four drugs (Belgrade, Finland, the Gambia, Iceland, Ireland, Luxembourg,
Malta, New Zealand, Sweden, Switzerland, Norway, and Zambia). The highest prevalences of
resistance to three or four drugs were reported in Orel Oblast, Russian Federation (52.9%), Oman
(58.3%) and Kazakhstan (62.3%).
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Resistance among previously treated cases by individual drug
Annex 4 shows the prevalence of any resistance to each of the four drugs among

previously treated cases. The distribution of the prevalence rates is shown in Figure 8.

FIGURE 8: PREVALENCE OF ANY RESISTANCE TO INH, RMP, EMB AND SM
AMONG PREVIOUSLY TREATED CASES, 1999–2002

Any INH resistance. The median prevalence of resistance to INH was 14.4%. The range was
wide: from 0% to 71.0%  (Orel Oblast). No outliers were observed.
Any RMP resistance. The median prevalence of resistance to RMP was 8.7%. Four outliers were
observed: Egypt (50.7%); Lithuania (53.3%); Oman (58.3%); and Kazakhstan (61.4%).
Any EMB resistance. The median prevalence of resistance to EMB was 3.5%. Outliers were
observed in Oman and Puerto Rico (25%), Egypt (30.9%), Karakalpakstan, Uzbekistan (34.6%),
and Lithuania (38.0%). Extreme high values were identified in Estonia (41.9%), Orel Oblast,
Russian Federation (43.8%), and Kazakhstan (54.2%);
Any SM resistance. The median prevalence of resistance to SM was 11.4%. Outliers were
observed in Tomsk Oblast, Russian Federation (57.3%), Oman (58.3%), Lithuania (58.6%), Orel
Oblast, Russian Federation (66.2%), Karakalpakstan, Uzbekistan (71.0%), and Kazakhstan
(77.1%).

4.1.3 COMBINED PREVALENCE OF DRUG RESISTANCE

Data on the combined prevalence of drug resistance were available for 69 geographical
settings. Full details of drug resistance prevalence among combined cases for the period 1999–
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2002 are given in Annex 5 and Annex 6. In both annexes, the settings are stratified by WHO
region.

Any resistance among combined cases
The overall prevalence of drug resistance ranged from 0% (Andorra, Iceland and Malta)

to 63.9% (Karakalpakstan, Uzebekistan). The median was 10.4% (95% CI: 8.2–13.0%).  Figure 9
shows the ten countries with combined prevalence of any resistance higher than 30%. The
absence of any setting in the region of the Americas is worthy of note.

FIGURE 9: COUNTRIES/SETTINGS WITH COMBINED PREVALENCE OF ANY
RESISTANCE HIGHER THAN 30%, 1999–2002

MDR among combined cases
Combined prevalence of MDR ranged from 0% (Andorra, Luxembourg, Iceland, Malta, New
Zealand, Scotland and Slovenia) to 26.8% in Karakalpakstan, Uzbekistan. The median prevalence
of MDR among combined cases was 1.7%. illustrates the eleven countries/settings with MDR
prevalence higher than 10%.
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FIGURE 10: COUNTRIES/SETTINGS WITH COMBINED MDR PREVALENCE HIGHER THAN
10%, 1999–2002

Resistance among combined cases according to number of drugs

Prevalence of monoresistance ranged from 0% to 22.3% (Dashoguz, Turkmenistan) with
a median of 6.9% (Annex 5). Prevalences � 15% were observed in six settings: Dashoguz,
Turkmenistan (22.4%); Liaoning Province, China (21.4%); Egypt (21.2%); Kinshasa, Democratic
Republic of Congo (18.5%); Karakalpakstan, Uzbekistan (16.4%); and Henan Province, China
(15.4%). Resistance to two drugs ranged from 0% to 15.5% (Karakalpakstan, Uzbekistan) with a
median of 2.3%. Resistance to three or four drugs was less than 2% in almost two-thirds of the
settings, with a median of 1.3%. Seven settings reported prevalences higher than 15%:
Kazakhstan (34.5%); Karakalpakstan, Uzbekistan (31.9%); Lithuania (27.6%); Orel Oblast,
Russian Federation (22.8%); Estonia (20.1%); Tomsk Oblast, Russian Federation (18.6%); and
Dashoguz, Turkmenistan (15.3%).

Any resistance among combined cases by individual drug
Annex 6 shows the prevalence of any resistance to each of the four drugs among combined cases.
The highest levels of resistance to all four drugs were observed in Kazakhstan. The distribution
of the prevalence of resistance to each individual drug is illustrated in

Figure 11. Exceptionally high prevalences and outliers were found in many countries/settings.
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FIGURE 11: PREVALENCE OF RESISTANCE TO SPECIFIC TB DRUGS AMONG COMBINED
CASES, 1999–2002

� denotes outliers - � denotes extreme values

.Any INH resistance. The median prevalence of resistance to INH was 6.6%. While Andorra,
Malta and Iceland showed no resistance to INH, high levels of resistance were observed in
Estonia (30%), Latvia (30.3%), Dashoguz, Turkmenistan (32.8%), Tomsk Oblast, Russian
Federation (33.1%), Lithuania (36.7%), Orel Oblast, Russian Federation (36.8%),
Karakalpakstan, Uzbekistan (53.1%), and Kazakhstan (58.8%).
Any RMP resistance. The median prevalence of resistance to RMP among combined cases was
2.2%. Andorra, Luxembourg, Iceland, Malta, Scotland and Slovenia showed no resistance to
RMP, while high values were observed in Dashoguz, Turkmenistan (12.2%), Henan Province,
China (12.3%), Latvia (13.1%), Ecuador (13.1%), Egypt (13.4%), Liaoning Province, China
(14.6%), Israel (14.9%), Orel Oblast, Russian Federation (16.8%), Estonia (19.5%), Tomsk
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Oblast, Russian Federation (20.3%), Lithuania (22%), Karakalpakstan, Uzbekistan (26.8%), and
Kazakhstan (27%).
Any EMB resistance. The median prevalence of resistance to EMB was 1.3%. High EMB
resistance among combined cases was observed in Lithuania (16%), Orel Oblast, Russian
Federation (18.7%), Estonia (19.5%), Karakalpakstan, Uzebekistan (24.9%), and Kazakhstan
(32.1%).
Any SM resistance. The median prevalence of resistance to SM was 6.1%. High values were
observed in Lithuania (32.1%), Liaoning Province, China (35.5%), Orel Oblast, Russian
Federation (35.8%), Tomsk Oblast, Russian Federation (38.3%), Dashoguz, Turkmenistan
(38.9%), Karakalpakstan, Uzebekistan (57.8%), and Kazakhstan (57.9%).

4.2 Prevalence of drug resistance by region
4.2.1 DRUG RESISTANCE AMONG NEW CASES

The medians of the main parameters (any resistance, MDR, resistance according to the
number of drugs, and resistance to individual drugs) for the various WHO regions were generally
close, with only a few exceptions. However the range of resistance prevalence varied
considerably within regions (Figure 12).

The medians of any drug resistance were between 7.1% and 11.4% for all regions except
South-East Asia, where the median was much higher (19.8%). The ranges in the Western Pacific
Region and especially in the European region were much wider than for the other regions. The
European Region has one outlier: Kazakhstan (57.1%).

The medians of MDR were similar in all regions (0.9 to 2.2%), but there were ten outliers
and extreme values: Ecuador (6.6%) in the Americas; Henan (7.8%) and Liaoning (10.4%)
Provinces, China in the Western Pacific; Latvia (9.3%), Lithuania (9.4%), Estonia (12.2%),
Karakalpakstan, Uzbekistan (13.2%), Tomsk Oblast, Russian Federation (13.7%), Israel (14.2%),
and Kazakhstan (14.2%) in the European Region.

The medians of any resistance to individual drugs were to a large extent similar in all
WHO regions, with the exception of South-East Asia, which had a much higher median of any
resistance to INH. The range of any resistance to each of the four drugs was by far the widest in
the European region. The medians of monoresistance to RMP, EMB and SM were similar for all
regions. The medians for INH monoresistance ranged from 1.8% to 3.7%, except in South-East
Asia, which had a median 3–5 times higher (10.7%).
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FIGURE 12: PREVALENCE OF ANY RESISTANCE AMONG NEW CASES, BY WHO REGION, 1999–2002
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4.2.2 DRUG RESISTANCE AMONG PREVIOUSLY TREATED CASES

Because of the small number of countries reporting results for previously treated cases in
the Eastern Mediterranean and South-East Asia, both regions have been left out of the analysis.
Figure 13 summarizes the most salient features of resistance among previously treated cases in the
WHO regions. The medians of most parameters for the African and European Regions were
around the same level, while the median values for the Americas were somewhat higher, and
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those in the Western Pacific Region substantially higher, with the exception of RMP
monoresistance. The range of values for the African Region and the Americas was quite narrow,
those of the Western Pacific Region wider, while the widest are observed in the European region,
reflecting the diversity of the resistance prevalence. The median prevalences of any resistance in
the Regions of Africa, the Americas and Europe were around 20%, while the median prevalence
in the Western Pacific Region reached 32.6%. MDR medians fluctuated around 5%, except in the
Western Pacific Region (15.5%); the European Region had a very wide range, with two
important outliers: Lithuania (53.3%) and Kazakhstan (56.4%). This was also true for the rates of
resistance to 3 or 4 drugs, where Kazakhstan was an outlier (62.4%). The Puerto Rico outlier
(25%) is an artefact caused by the small sample size (n = 4).

FIGURE 13: PREVALENCE OF RESISTANCE AMONG PREVIOUSLY TREATED CASES, STRATIFIED BY
WHO REGION, 1999–2002
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RMP monoresistance showed a different pattern: the European Region had the lowest
median, followed by the African Region; the Western Pacific Region and the Americas had
similar medians, but the latter had the widest range. Two outliers were present: Limpopo
Province, South Africa (3.4%), in the African Region and the Czech Republic (2.6%) in the
European Region. Italy (5.6%) in the European Region had an extreme high value. For most of
the parameters the African Region had the lowest medians as well as the smallest ranges.

4.2.3 A CLOSER LOOK AT THE EUROPEAN REGION

In the European Region, the very wide ranges observed for all parameters suggest an important
heterogeneity. We therefore explored stratification in three geographical subregions – Western,
Central and Eastern Europe (Table 3).

TABLE 3:  EUROPEAN SUBREGIONS
WESTERN EUROPE CENTRAL EUROPE EASTERN  EUROPE

Andorra Bosnia and Herzegovina Estonia
Austria Croatia Kazakhstan
Belgium Czech Republic Lithuania

Denmark Poland Latvia
Finland Slovakia Russian Fed. (Orel Oblast)
France Slovenia Russian Fed. (Tomsk Oblast)

Germany Yugoslavia Turkmenistan (Dashoguz)
Iceland Uzbekistan (Karakalpakstan)
Ireland
Israel
Italy

Luxembourg
Malta

Netherlands
Norway

Spain (Barcelona)
Spain (Galicia)

Sweden
Switzerland

United Kingdom

As a general observation for both new and previously treated cases, most median values
were lowest in the Central Europe subregion, somewhat higher in Western Europe, and highest in
Eastern Europe. This was also true for the ranges of the parameters – very narrow for Central
Europe, somewhat wider for Western Europe, and widest for the Eastern European subregion.
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FIGURE 14: MDR PREVALENCE AMONG NEW AND PREVIOUSLY TREATED CASES BY
EUROPEAN SUBREGION, 1999–2002
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In the Western European subregion, Israel is an outlier for prevalence of any resistance
and MDR among new, as well as previously treated, cases (Figure 14). High rates of immigration
from areas with a higher prevalence of resistance, such as countries of the former Soviet Union,
is one possible reason. Italy is an outlier for MDR among previously treated cases.
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4.3 Dynamics of drug resistance prevalence over time (1994-2002)

The Global Project has collected data from 109 countries/geographical settings,
representing 90 WHO Member States and territories. The following analysis includes data from
the three global reports, as well as data provided between the publication of reports. It thus
reflects both published and previously unpublished data.

4.3.1 DYNAMICS OF DRUG RESISTANCE AMONG NEW CASES

The second Global  Report13 presented information on 24 settings with more than one data
point.a For most settings, only two data points were available. The present report examines time
trends for resistance in new cases in 46 settings: 20 settings provided two data points and 26 three
or more data points (Table 4).

TABLE 4: NUMBER OF DATA POINTS PER SETTING FOR NEW CASES, BY WHO REGION, 1994–
2002

WHO Region No. of data points Total

1 2 3 4 5 6 7
AFR 21 1 1 23
AMR 11 3 1 1 2 18
EMR 3 1 1 5
EUR 10 11 11 5 1 38

SEAR 4 1 1 6
WPR 11 3 1 1 16

 TOTAL 60 20 15 6 1 3 1 106

Dynamics in settings reporting two data points
Of the 20 settings that reported two data points, three (Andorra, Iceland and Malta) had no

resistant cases. Twelve showed only slight variations in prevalence, while significant changes
were observed in five settings: Poland, Peru, Argentina,b Henan Province (China)c, and Thailand.
An increase was observed in all resistance parameters (any resistance, monoresistance, any INH
and any RMP resistance) in Poland.

Changes in prevalence over time have been summarized through the prevalence ratio
(PR), i.e. the ratio of the prevalence at the second data point to that at the initial data point. For
example, for Ivanovo Oblast: MDR prevalence in 1998 was 9.0%; MDR prevalence in 1995 was
4%; thus PR = 9.0/4.0 = 2.25. This shows a potentially important increase. The 95% confidence
interval (1.07–4.67) confirms that the increase is at least 1.07 times, and at most 4.67 times, the

                                                          
a Each reporting period is defined as a “data point”. Most data points cover a year, although some cover longer
or shorter periods.
b It is important to note that differences in prevalence of drug resistance in Argentina are almost certainly due to
a change in sampling methodology.
c It is important to note that, because of misclassification and other problems in the first survey, the observed
decrease in most resistance parameters in Henan may not be very meaningful.



50

baseline prevalence. When the 95% CI includes 1 (marked by the horizontal line), the null
hypothesis of no significant change cannot be rejected (Figure 15).

FIGURE 15:PREVALENCE RATIOS OF ANY RESISTANCE AMONG NEW CASES, 1994–2002
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Eight settings showed a decrease in prevalence of any resistance. In three of these settings
(Argentina, Henan, (China), and Thailand) the decrease was significant. Some settings had a wide
CI around the prevalence ratio, e.g. Belgrade, Serbia and Montenegro. Two settings, Ireland
(PR=1.4) and Uruguay (PR=1.92), with extremely broad confidence intervals (0.28–7.95 and
0.77–4.81, respectively) are not included in the figure. A wide CI is generally due to the
smallness of the sample.

Figure 16 presents the prevalence ratios for MDR and their confidence intervals for 16
countries/geographical settings. The CI in most settings was very wide. Only five settings showed
a significant change. Two showed a significant decrease: Argentina and Thailand. The decrease
in Henan, China, was of only borderline significance. Seven settings showed an increase over
time, of which only Poland and Ivanovo Oblast were significant.
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FIGURE 16: PREVALENCE RATIOS OF MDR AMONG NEW CASES, 1994–2002
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Trends in settings reporting three or more data points
For the 26 settings that reported at least three data points, time trends could be

determined. The details are given in Annex 7, Annex 8, Annex 9 and Annex 10. Regarding any
resistance (Annex 7), seven settings reported significant changes. New Zealand and Norway
reported a doubling and Botswana a tripling of the prevalence. Tomsk Oblast, (Russian
Federation) also showed significant increases. Cuba, Germany, and Hong Kong SAR showed
significantly decreasing trends. Figure 17 depicts the trend of prevalence of any resistance among
new cases in Botswana.
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FIGURE 17: CONFIDENCE-BOUNDED TREND IN ANY
RESISTANCE AMONG NEW CASES IN BOTSWANA
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Regarding MDR  (Annex 8), a significant increasing trend was found in Tomsk Oblast,
Russian Federation. Lithuania presented a non-significant increase (Figure 18). MDR in Estonia
(Figure 19) increased until 1999, but decreased in 2000.a Latvia, USA, and Hong Kong (SAR)
reported significantly decreasing trends.

                                                          
a Preliminary data for 2001 and 2002 indicate an increase in MDR to levels similar to those observed in 1999.
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FIGURE 18: CONFIDENCE-BOUNDED TREND IN
MDR AMONG NEW PATIENTS IN LITHUANIA
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FIGURE 19: CONFIDENCE-BOUNDED TREND
IN MDR AMONG NEW PATIENTS IN
ESTONIA
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With regard to prevalence of any INH resistance (Annex 9), a decrease was significant in
Finland and Germanya. Prevalence of any INH resistance more than tripled in Botswana since the
first survey in 1995. Tomsk Oblast, (Russian Federation), showed a steady and significant
increase, reaching a level of resistance 1.5 times higher in 2002 than in 1998. Sweden presented a
significant increase.

Regarding trends in prevalence of any RMP resistance (Annex 10), significant decreases
were observed in Hong Kong SAR, Latvia and the USA. Tomsk Oblast, Russian Federation, and
Slovakia both reported significant increases.

4.3.2 DYNAMICS OF DRUG RESISTANCE AMONG PREVIOUSLY TREATED CASES
More than half of the settings provided only one data point, 19 provided at least two, and 23 provided three

or more data points (Table 5).

                                                          
a Data from 2001 and 2002 report higher prevalences of INH resistance among new cases however this may be
linked to changes in surveillance methodology.
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TABLE 5: NUMBER OF DATA POINTS PER SETTING FOR PREVIOUSLY TREATED CASES, BY
WHO REGION, 1994–2002

WHO Region No. of data points Total

1 2 3 4 5 6 7

AFR 18 1  1 20
AMR 10 2 1 1 1 1 16
EMR 2 1 3
EUR 11 11 10 5 1 38
SEAR 2 1 3
WPR 9 3 1 1 14
Total 52 19 12 6 2 2 1 94

Dynamics in settings reporting two data points.
Of the 19 settings reporting two data points, four had no resistant cases; consequently,

only 15 settings were retained for analysis. Regarding any resistance among previously treated
cases (Figure 20), a significant decrease was observed in Argentina, Ivanovo Oblast, Russian
Federation, Peru and the Republic of Korea. The decrease was borderline in Henan Province,
(China), and Italy. Only Nepal showed a significant increase. For all other settings, the changes
were not significant.
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FIGURE 20: PREVALENCE RATIOS OF ANY RESISTANCE  AMONG
PREVIOUSLY TREATED CASES, 1994–2002

Country/Setting
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With regard to changes in prevalence of MDR (Figure 21), in most settings the confidence
intervals for the PR were very wide, as a result of  the small number of MDR cases. There are
only two significant decreases (Argentina and the Republic of Korea) and one significant increase
(Nepal). All other settings showed no statistically significant change.

FIGURE 21: PREVALENCE RATIOS OF MDR AMONG PREVIOUSLY
TREATED CASES, 1994–2002
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Regarding any INH resistance (Figure 22), five settings showed a significant decrease:
Argentina, Italy, Peru, the Republic of Korea and Ivanovo Oblast, Russian Federation, the last
being borderline. Nepal and Sierra Leone showed a borderline increase. All other settings showed
variations with large confidence intervals; the upper limit for Belgrade, Serbia and Montenegro,
reached 27.3 and for Croatia 8.9.

FIGURE 22: PREVALENCE RATIOS OF ANY INH RESISTANCE AMONG
PREVIOUSLY TREATED CASES, 1994–2002
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Trends in settings reporting three or more data points
 Four settings – Cuba, Switzerland, Latvia and USA – showed a significant decrease in

prevalence of any resistance (Annex 11). All other settings showed only slight variations that
were not significant.

For MDR (Annex 12), Three settings showed a significant decrease (Latvia, Slovakia, and
USA). Three settings showed a significant increase; Estonia, Lithuania, and Tomsk Oblast,
(Russian Federation). The variations in all 17 other settings were not significant. Annex 13
presents trends in prevalence of any RMP resistance.

4.3.3 DYNAMICS OF DRUG RESISTANCE AMONG COMBINED CASES

More than half of the settings provided only one data point, 20 provided at least two, and 26
settings provided three or more data points (Table 6).
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TABLE 6: NUMBER OF DATA POINTS PER SETTING FOR COMBINED CASES BY WHO REGION,
1994–2002

WHO REGION NO. OF DATA POINTS TOTAL

1 2 3 4 5 6 7

AFR 19 1  1 21
AMR 10 1 1 1 1 1 15
EMR 2 1 3
EUR 8 12 11 6 1 38
SEAR 2 1 3
WPR 9 3 1 2 15
Total 50 20 13 7 3 2 1 96

Of the 20 settings reporting two data points for prevalence of any resistance, three had no
resistant cases (Andorra, Iceland, Malta); the remaining 17 were included in the analysis.
Surveillance data from nine settings are displayed in Figure 23 and Figure 24, which show the
prevalence ratios and 95% confidence intervals. Data from the remaining eight settings originated
from surveys. As these data had to be adjusted, no confidence intervals could be calculated and,
consequently, the level of significance of any increase or decrease could not be determined.
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Dynamics in settings reporting two data points
FIGURE 23: PREVALENCE RATIOS OF ANY RESISTANCE AMONG COMBINED
CASES, 1994–2002
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With regard to prevalence of any resistance (Figure 23) only one setting, Belgium, showed
a significant decrease over time. Poland showed a borderline increase. No other survey settings
reported statistically significant changes over two data points.
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FIGURE 24: PREVALENCE RATIOS OF MDR AMONG COMBINED CASES, 1994–
2002
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Figure 24 shows the prevalence ratios of MDR in surveillance settings. The confidence
intervals in some settings were very wide. A borderline significant increase was observed in
Ivanovo Oblast, (Russian Federation). Six settings showed minor decreases.

 Annex 14 shows trends in combined prevalence of any resistance. Significant increases
were observed in Israel, Lithuania, New Zealand and Norway. Significant decreases were
observed in the Netherlands, and Hong Kong SAR, (China), the latter illustrated in Figure 25.
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FIGURE 25:CONFIDENCE- BOUNDED TREND IN ANY RESISTANCE
AMONG COMBINED PATIENTS IN HONG KONG SAR, CHINA
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 Annex 15 shows trends in combined prevalence of MDR. A significant increase in MDR
prevalence was observed in Israel, Lithuania and Tomsk Oblast, (Russian Federation), the latter
depicted in Figure 27. An initial decrease followed by a stabilization of prevalence was seen in
Latvia (Figure 26). Decreasing trends were observed in Hong Kong SAR, and USA.

FIGURE 26: CONFIDENCE-BOUNDED TREND IN
MDR AMONG COMBINED PATIENTS IN LATVIA

YEAR

200220012000199919981997199619951994

Pr
ev

al
en

ce
 o

f M
D

R
 (%

)

36

32

28

24

20

16

12

8

4

CI upper bound

CI lower bound

Prevalence 

FIGURE 27: CONFIDENCE-BOUNDED TREND
IN MDR AMONG COMBINED PATIENTS IN
TOMSK OBLAST
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With regard to prevalence of any INH resistance (Annex 16)  significant increases were
observed in Israel, Lithuania, Tomsk Oblast (Russian Federation), and Sweden. Decreasing
trends were significant in Canada and the Netherlands.
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Prevalence of any RMP resistance (Annex 17) significantly increased in Israel, Tomsk
Oblast (Russian Federation), and Lithuania. Significant decreases were observed in Hong Kong
SAR and the USA.

4.4 Potential determinants of drug resistance
In order to assess the impact of potential risk factors for drug resistance on resistance rates, an
ecological analysis was performed.

4.4.1 VARIABLES INCLUDED IN THE ECOLOGICAL ANALYSIS

A conceptual framework (Figure 28) was developed, which structures the retained variables
along three axes: patient-related, health-system-related and contextual factors.

The following patient related factors were retained: level of education56and purchasing
power. Preferences for the private sector could not be included as a factor, as no aggregate data
were available. The human poverty index56 and the out of pocket expenditure57as a percentage of
total health expenditure, measure the purchasing power.

The following contextual factors were retained: notified TB incidence rate57, HIV rate 58

and percentage of TB cases with HIV, gross domestic product (GDP)59, health expenditure
(expressed as percentage of GDP)57, the human development index56, and the GINI equity
index56.

Health system factors relate to the functioning of the health system and the NTP. The
latter was explored in terms of the percentage of retreatment cases, the year of introduction of
RMP, and through different aspects of the DOTS programme: percentage coverage of DOTS, the
proportion of sputum positive cases treated under DOTS, the detection rate under DOTS, and the
success rate among patients treated under DOTS53. The functionality of the health system60 was
evaluated by the DALE (disability adjusted life expectancy). Although the model included the
fairness indexa61 (the responsiveness of the health system relative to people’s expectationsb), as a
measurement of functionality, it could not be included in the final analysis.

                                                          
a The fairness concept implies that the health system responds equally well to everyone, without discrimination
or differences in how people are treated. This means that the cost of episodes of illness is distributed according
to the patient’s ability to pay rather that the illness itself.
b Two aspects were distinguished: the level and distribution of the health system.
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FIGURE 28: CONCEPTUAL MODEL OF ECOLOGICAL FACTORS AFFECTING TB DRUG
RESISTANCE

ANTI-TB DRUG RESISTANCE

Patient Related
Factors Contextual Factors Health System

Related Factors
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1: Although this is probably a very important factor, no data at the aggregate level could be found
2: This factor is usually measured through the GINI index
3: This factor was shown to be   very important and significant in the second report. No aggregate data could be encountered
4: Preliminary data have shown this factor to be very important. However, given the preliminary nature of the available data, this factor has been omitted in the
multivariate analysis

4.4.2 BIVARIATE ANALYSIS

The details of the Spearman correlation coefficients are given in Annex 18, Annex 19,
Annex 20, and Annex 21. Two outcome variables were selected, i.e. any resistance and MDR
prevalence. The correlation analysis was stratified for new and combined cases, and in each
stratum, the analysis was carried out for all countries and for the subgroup of the low- and
middle-income countries (GDP < US$18 000).

For the new cases, the three major arms of the conceptual model (Figure 28) – patient-
related, contextual and health-system-related factors – were significantly correlated with the
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outcome variables. This correlation also holds for the low- and middle-income countries. Similar
results were obtained for the combined cases.

Among all new cases, the notified TB incidence rate was positively correlated with both
any resistance and MDR. Percentage of re-treatment cases and the human poverty index were
correlated with MDR only. Among new cases in the stratum of low- and middle-income
countries, the notified TB incidence rate was correlated with any resistance and the percentage of
re-treatment cases was correlated with MDR.

Among all combined cases, the notified TB incidence and the human poverty index were
correlated with both any resistance and MDR. The human development index (HDI) and health
expenditure were negatively correlated with MDR only. Among combined cases in the stratum of
low- and middle-income countries, the percentage of re-treatment cases was positively correlated,
and health expenditure negatively correlated, with both outcome variables.

4.4.3 MULTIVARIATE ANALYSISa

The results of the multilinear regression modelling were stratified by new and combined
cases. In each stratum, a subanalysis was carried out for the low- and middle-income countries.
The multivariate analysis showed that the most significantly correlated factor with both overall
resistance and MDR was the percentage of re-treatment cases. Economic factors (GDP, poverty
index, and human development index) were also correlated. Direct programme indicators (DOTS
coverage, TB incidence rates, and percentage of TB cases with HIV infection) were not
significantly correlated with prevalence of resistance, at the aggregate level.b

For the countries that were eligible for the regression analysis, only one factor contributed
significantly to the regression of both outcome variables in both new and combined cases –
percentage of re-treatment cases. GDP was negatively correlated with MDR among new and
combined cases and with any resistance among combined cases. Among the countries belonging
to the subgroup of low- to middle-income countries, percentage of re-treatment cases was also the
most significant factor, though GDP was also negatively correlated with any resistance in new
and combined cases and with MDR among new cases.

4.5 Magnitude of the MDR-TB problem
4.5.1 MDR TB “HOT SPOTS”

In the first Global Report, the term “hot spot” was used to refer to areas with a high
prevalence of MDR-TB among new cases. The second Global Report introduced a reference
point of 3% prevalence of MDR-TB among new cases, as an indication of high MDR prevalence.
Over time, a 3% prevalence of MDR among new cases became the customary threshold to define
a "hot spot". Because many factors determine the extent to which MDR is a problem in a given
                                                          

a Given recent uncertainty about the reliability of the responsiveness and the fairness indices, they have not been
included in the model.
b The results of ecological analyses have to be interpreted with caution, as the findings at aggregate level are not
necessarily valid at the level of each individual country, province, district or oblast. Another possible reason for
the lack of significant contribution of programme indicators could be the lack of reliability or robustness of the
programme data.
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country or geographical setting, we examined several aspects of MDR burden. The first was the
statistical validity of a cut-off point or threshold.

A stem-and-leaf plot analysis shows the distribution of MDR prevalence for recent data
points from 74 settings with data on new cases (Figure 29) This distribution shows that 6.6% is the
natural departure point for  “extreme values”, a much higher value than would be expected from
the normal distribution of data. In looking at the distribution of MDR prevalences  from earlier
data points (1994–1998) (Figure 30) an almost identical distribution can be observed, with outliers
situated above 6.5%.

Tabel 7 shows the settings from the third phase of the Global Project with MDR prevalence
among new cases higher than 6%. There was only one setting that fell between 3% and 6% –
Dashoguz Velayat, Turkmenistan.

FIGURE 29 : STEM-AND-LEAF PLOT OF
MDR PREVALENCES IN NEW CASES,
1999–2002
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FIGURE 30: STEM-AND-LEAF PLOT OF
MDR PREVALENCES IN NEW CASES, 1994–
1998
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TABLE 7: COUNTRIES/SETTINGS WITH MDR-TB PREVALENCE HIGHER THAN 6.5%, 1999–2002

SETTING SURVEY YEAR MDR

PREVALENCE

(%)

NO. OF MDR-TB CASES IN

SAMPLE

Ecuador 2002 6.6% 26

Henan 2001 7.8% 95

Latvia 2000 9.3% 83

Lithuania 2001 9.4% 77

Liaoning 2002 10.4% 85

Estonia 2000 12.2% 50

Uzbekistan 2000 13.2% 14

Tomsk Oblast 2002 13.7% 73

Israel 2001 14.2% 36

Kazakhstan 2000 14.2% 51
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Dynamics of the hot spots (1994–2002)
Table 8 shows the 22 settings that at some point had a prevalence of MDR higher than 3% among
new cases. There were two settings in the African Region; four in the Americas; two in the
Eastern Mediterranean; nine in the European Region; two in South-East Asia; and three in the
Western Pacific. Twelve of the 22 settings had MDR prevalence above 6.5% (shown in bold in
Table 8). According to the stem-and-leaf analysis, these are outliers and can be considered as
extreme values

TABLE 8: SETTINGS/COUNTRIES PRESENTING AN MDR PREVALENCE  Ó 3.0% AT LEAST
ONCE BETWEEN 1994 AND 2002

COUNTRY YEAR OF OBSERVATION

1994 1995 1996 1997 1998 1999 2000 2001 2002
AFR
Côte d’Ivoire 5.3
Mozambique 3.5
AMR
Argentina 4.6 1.8
Dominican Republic 6.6
Ecuador 6.6
Peru 2.5 3.0
EMR
Islamic Republi of Iran 5.0
Oman 0.8 3.5 0.0
EUR
Estonia 10.2 14.1 17.5 12.2
Israel 14.2
Kazakhstan 14.2
Latvia 14.4 9.0 10.4 9.3
Lithuania 7.8 8.7 9.4
Russian Fed. (Ivanovo
Oblast) 4.0 9.0

Russian Fed. (Tomsk Oblast) 6.5 8.6 10.7 13.7
Turkmenistan - Dashoguz 3.8
Uzbekistan – Karakalpakstan 13.2
SEAR
India (Tamil Nadu) 3.4
Nepal 1.1 3.7 1.3
WPR
China (Henan) 10.8 7.8
China (Liaoning) 10.4
 China (Zhejiang) 4.5

Figure 31 shows settings with an MDR prevalence among new cases Ó3%, and that have
reported at least two data points. Of the ten settings, two showed an important increase (Ivanovo
and Tomsk Oblasts); Estonia showed an increase, followed by a decrease; and Latvia showed a
decrease, followed by stabilization of prevalence. Henan province, China, showed a decrease. It
is of note that of the six survey settings with at least two datapoint and reporting prevalences of
MDR Ó 6.5%, none has yet decreased below 6.5%.
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FIGURE 31: EVOLUTION OF MDR HOT SPOTS, 1994–2002
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4.5.2 BURDEN OF MDR-TB
The burden of MDR-TB can be described in terms of prevalence, but also in terms of the

absolute number of cases and, most importantly, the capacity of the country to address the
problem. In many countries where the population of TB cases is low, a high MDR prevalence
does not necessarily reflect high absolute numbers of cases. Conversely, a low prevalence of
MDR in high-burden countries, such as China or India, could reflect a considerable number of
MDR cases that the national TB programme must treat and cure. To take the absolute number
correctly into consideration, the sample findings need to be extrapolated. Annex 24 contains
estimated numbers of annually incident MDR cases for the countries included in the most recent
phase of the Global Project. The 95% confidence limits show the lower and upper boundaries of
the estimation.

Among these countries/settings, the total estimated number of MDR cases is 15 106
(median = 1.4%; 95% CI 0–26.8%). South Africa and Kazakhstan were estimated to have the
highest MDR burden in terms of absolute numbers, with around 3000 MDR cases each, followed
by three provinces in China (Hubei, Henan and Liaoning). Luxembourg, Andorra, Malta, Iceland,
Slovenia, New Zealand and Scotland had the fewest MDR cases. The status of applications to the
Green Light Committee is detailed in Annex 25.
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4.5.3 RESISTANCE TO RMP: A GOOD SURROGATE MARKER FOR MDR?
It has been widely observed that rifampicin resistance is very frequently accompanied by

isoniazid resistance, and it has therefore been suggested that rifampicin resistance may be a good
surrogate marker for MDR6263. If so, a future rapid test for rifampicin resistance may be useful
for early identification of MDR cases, allowing rapid implementation of infection control
measures, further DST and, where feasible, adjustment of treatment regimens. Whether resistance
to RMP is a good surrogate marker for MDR is largely dependent on two factors: the internal
validity, or the ability to detect true rifampicin resistance in the population; and the external
validity, i.e. the likelihood that isolates with rifampicin resistance will also be resistant to
isoniazid in a given setting. The conventional test for rifampicin resistance will yield reliable
results if performed correctly, and therefore the ability of RMP resistance to act as a surrogate
marker for MDR is related predominantly to the likelihood ratio or positive predictive value.

FIGURE 32: SCATTERPLOT OF POSITIVE PREDICTIVE VALUE OF RMP RESISTANCE TEST BY
MDR PREVALENCE IN NEW CASES, FOR LATEST DATA POINT, 1994–2002
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 Figure 32 shows that the positive predictive value for the RMP resistance test among new
cases was no greater than 90% at the highest measured MDR prevalence (14.2%). Positive
predictive values around the 6.5% MDR outlier value fluctuated between 50% and 70%.
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FIGURE 33: SCATTERPLOT OF POSITIVE PREDICTIVE VALUE OF RMP RESISTANCE TEST BY
MDR PREVALENCE IN PREVIOUSLY TREATED CASES, FOR LATEST DATA POINT, 1994–2002
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 Figure 33 shows that the positive predictive value of the RMP resistance test among
previously treated cases reached the 90% level at an MDR prevalence of around 20% and reached
values close to 100% in settings with an MDR prevalence between 40% and 60%.

Traore and colleagues64 have shown that the reliability of rapid RMP resistance detection
methods as a surrogate marker of MDR-TB depends on the sensitivity and specificity of the test
and the prevalence of RMP monoresistance. The above analysis is in agreement with their
finding, although our analysis included all non-MDR rifampicin resistance – monoresistance,
resistance to RMP and EMB(RE), to RMP and SM (RS), and to RMP, EMB, and SM (RES). The
analysis of these results allows us to conclude that rifampicin resistance is not a good surrogate
marker for MDR-TB in new cases of tuberculosis, where such a marker would be most useful.
However, the use of rifampicin resistance as a surrogate marker of MDR-TB may be appropriate
in certain settings, for example, among previously treated cases where the prevalence of MDR-
TB is 40% or above, and non-MDR rifampicin resistance is low.
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4.6 DRUG RESISTANCE PATTERNS (relationships between new and previously treated cases,
amplification and major pathways of drug resistance creation)

Resistance to anti-TB drugs has so many dimensions and measurements, that
distinguishing its main patterns is a very challenging task. In this section, we attempt to discern
patterns at the isolate level and track how they might have evolved by comparing new and
previously treated cases, globally as well as by WHO region. Based on the relative prevalence of
the 15 combinations of drug resistance possible with four drugs and the four resistance modes i.e.
mono, double, triple and quadruple resistance, we draw inferences as to how the most frequent
types might have interacted and how the four resistance modes might have progressed under the
selective pressure of drug treatment. We also try to cast light on the most probable pathways for
the creation of drug resistance.

Drug susceptibility test results to the four main antituberculosis drugs were obtained for
90 080 cases (77 175 new cases and 12 905 previously treated cases). The mean proportion of
previously treated cases in the sample was 14.3%, with regional subsamples ranging from 10.3%
in South East Asia to 19.2% in the European Region. Table 9 depicts the global and WHO
regional distribution of the 15 different drug-resistant types and the 4 resistance modes found
among new and previously treated cases.

Drug resistance data were first analysed by taking as denominator the total number of
cases examined in order to determine rates, expressed as percentages to allow a better
understanding of the overall picture of TB drug resistance. In order to learn more about drug
resistance patterns within the drug-resistant subset of isolates and to be able to compare
differences between new and previously treated case groups, due to possible amplification, we
also analysed the data taking as denominator the total number of drug-resistant cases in order to
determine proportions, also expressed as percentages.

From analysis of the data using the total number of cases examined as denominator, we can make
the following general statements:

� Among new cases, the most frequent drug-resistant types globally are H (3.4%), S (3.8%), SH
(2.4%), HRS (0.7%) and HSRE (0.7%).

� A similar frequency of drug-resistant types H, S, and HS was found in the African, European,
and South-East Asian Regions. Streptomycin monoresistance was the most prevalent type of
resistance in the Americas, the Eastern Mediterranean, and the Western Pacific Region.

� Among previously treated cases, the most frequent type of drug resistance was quadruple
resistance, globally and in all WHO regions except Africa and the Americas, where the most
frequent type was isoniazid monoresistance.

� Globally, any resistance was 12.9 % among new cases, compared with 32.7% among
previously treated cases, a 2.5-fold difference.

� The corresponding differences in the WHO regions ranged from 1.9 in Africa and the
Americas, to 2.6 in South-East Asia and the Western Pacific, 3.1 in the Eastern
Mediterranean, and 3.9 in the European Region.
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From the analysis of the data using the total number of drug-resistant cases as denominator, we
can make the following general statements:

� Among new cases globally, monoresistance represented the bulk of the drug resistance
problem (60.9%), followed by double resistance (24.9%), triple resistance (8.8%) and
quadruple resistance (5.3%).

� Among previously treated cases globally, monoresistance was only 35%, double resistance
25%, triple resistance 20.4%, and quadruple resistance 19.6%.

� Lower proportions of isolates monoresistant to isoniazid or streptomycin account for most of
the difference in the monoresistant proportion in previously treated cases.

� Among new cases, the three most frequent drug-resistant types globally as well as regionally
were H, S and SH. These modes, together with SHR and SHRE, accounted globally for
84.9% of all resistant cases. These proportions were essentially similar in all WHO regions
(range 83.3% to 86.8%) except  the Eastern Mediterranean where the proportion was 78.3%.

� Among previously treated cases the most frequent drug resistance type was HRSE, both
globally and in all WHO regions except Africa and the Americas.
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illustrates the above data for each WHO region. The proportions of triple and quadruple
resistance have been combined to facilitate interpretation. The following general statements can
be made about the regional picture:

� The comparison of drug resistance proportions between new and previously treated cases shows that, in all six
WHO regions, there was a consistently lower level of drug monoresistance in previously treated cases, with a
concomitantly higher combined triple and quadruple resistance. Double resistance proportions fluctuate without
significant differences.

� In accordance with the nature of this analysis, the lower proportion of monoresistance and
double resistance is equivalent to the higher proportion of the combined triple and quadruple
resistance.

� The amplification shift towards triple/quadruple proportions is more accentuated in the
Eastern Mediterranean, European, South-East Asian and Western Pacific Regions than in
Africa and the Americas.
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TABLE 9: GLOBAL PATTERNS OF RESISTANCE: ISOLATES FROM LATEST DATA POINT IN
COUNTRIES SURVEYED BETWEEN 1994 AND 2002

Patterns
of

resistance N % % N % %
 Strains resistant to 1 drug 6,071          7.9% 60.9% 1,476      11.4% 35.0%
 Strains resistant to 2 drugs 2,486          3.2% 24.9% 1,052      8.2% 25.0%
 Strains resistant to 3 drugs 877             1.1% 8.8% 860         6.7% 20.4%
 Strains resistant to 4 drugs 530             0.7% 5.3% 828         6.4% 19.6%

TOTAL RESISTANCE 9,964          12.9% 100.0% 4,216      32.7% 100.0%
Strains susceptible to 4 drugs 67,211        87.1% 8,689      67.3%

TOTAL STRAINS TESTED 77,175        100.0% 12,905    100.0%

MONORESISTANCE 6,071          7.9% 60.9% 1,476      11.4% 35.0%
Isoniazid (INH) 2,591          3.4% 26.0% 754         5.8% 17.9%

Rifampicin (RMP) 323             0.4% 3.2% 193         1.5% 4.6%
Ethambutol (EMB) 226             0.3% 2.3% 84           0.7% 2.0%
Streptomycin (SM) 2,931          3.8% 29.4% 445         3.4% 10.6%

DOUBLE RESISTANCE 2,486          3.2% 24.9% 1,052      8.2% 25.0%
INH + RMP 382             0.5% 3.8% 423         3.3% 10.0%
INH + EMB 109             0.1% 1.1% 34           0.3% 0.8%
INH + SM 1,833          2.4% 18.4% 492         3.8% 11.7%

RMP + EMB 27               0.0% 0.3% 18           0.1% 0.4%
RMP + SM 72               0.1% 0.7% 70           0.5% 1.7%
EMB + SM 63               0.1% 0.6% 15           0.1% 0.4%

TRIPLE RESISTANCE 877             1.1% 8.8% 860         6.7% 20.4%
INH + RMP + EMB 95               0.1% 1.0% 101         0.8% 2.4%
 INH + RMP + SM 574             0.7% 5.8% 647         5.0% 15.3%
INH + EMB + SM 196             0.3% 2.0% 93           0.7% 2.2%
RMP + EMB + SM 12               0.0% 0.1% 19           0.1% 0.5%

QUADRUPLE RESISTANCE 530             0.7% 5.3% 828         6.4% 19.6%

  - Isoniazid (INH) 6,310        8.2% 63.3% 3,372 26.1% 80.0%
  - Rifampicin (RMP) 2,015          2.6% 20.2% 2,299      17.8% 54.5%
  - Ethambutol (EMB) 1,258          1.6% 12.6% 1,192      9.2% 28.3%
  - Streptomycin (SM) 6,211       8.0% 62.3% 2,609 20.2% 61.9%

cases cases

PREVALENCE OF DRUG RESISTANCE

 ANY RESISTANCE

New Previously treated
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FIGURE 34: PROPORTION OF RESISTANCE IN NEW AND PREVIOUSLY TREATED CASES BY
WHO REGION
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4.7  PROFICIENCY TESTING IN THE SUPRANATIONAL LABORATORY NETWORK, 1994–2002

Nine rounds of proficiency testing were carried out between 1994 and 2002. The first five
rounds were undertaken under the coordination of the National Reference Centre for
Tuberculosis of Health-Canada, Ottawa, a WHO Collaborating Centre for Tuberculosis
Bacteriology. The last four were under the coordination of the Mycobacteriology Unit of the
Institute of Tropical Medicine Antwerp, Belgium. Susceptibility testing was done for INH, RMP,
SM, and EMB. The following results reflect the overall performance of all laboratories that took
part in this proficiency testing exercise from 1994 to 2003.

Table 10 shows the accuracy and reproducibility of DST for all 4 antituberculosis drugs
obtained by all laboratories that participated in the SRL network activities throughout the nine
rounds of testing. The cumulative sensitivity was 99% for isoniazid, 98% for rifampicin, and 91%
for both streptomycin and ethambutol. The cumulative specificity was 98% for both rifampicin
and INH, 93% for ethambutol, and 91% for streptomycin. Efficiencies of 100% were found for
rifampicin and isoniazid, 97% for ethambutol, and 92% for streptomycin. Intralaboratory
reproducibility of results in the two identical pairs of 10 isolates tested was 98% for isoniazid and
rifampicin, 96% for ethambutol, and 91% for streptomycin. These results are almost identical to
those reported in 2002 by Laszlo et al.55 where only the fourteen laboratories that participated in
the first five rounds of proficiency testing were evaluated.

TABLE 10: AVERAGE RESULTS (%) OF NINE ROUNDS OF PROFICIENCY TESTING IN ALL
PARTICIPATING SRL NETWORK LABORATORIES 1994-2002

INH RMP EMB SM HR INH RMP EMB SM HR

1994 98.7 93.5 65.1 88.7 92.3 99.4 96.2 91.4 92.1 91.7
1995 94.4 99.3 75.4 92.0 93.7 92.8 99.2 80.8 90.0 87.0
1996 96.9 98.0 89.8 96.2 95.0 97.5 99.0 94.2 93.2 92.6
1997 100.0 99.5 97.0 90.9 99.5 100.0 99.1 91.4 93.2 99.5
1998 100.0 99.5 95.4 97.1 99.5 99.8 99.5 96.5 92.4 99.3
1999 100.0 100.0 92.5 87.4 100.0 99.5 98.0 95.0 93.2 99.5
2000 100.0 87.5 89.5 85.1 87.5 100.0 94.7 91.1 81.5 87.5
2001 99.6 89.5 82.9 97.4 89.1 98.9 89.7 90.7 96.6 88.2
2002 99.3 100.0 95.5 87.1 99.3 99.5 100.0 96.5 88.7 98.8

Cumulative* 98.7 97.2 89.3 90.8 95.9 98.6 97.0 92.1 92.3 94.6
INH RMP EMB SM HR INH RMP EMB SM HR

1994 100.0 96.5 98.0 100.0 96.5 98.1 94.4 93.1 89.4 94.7
1995 86.1 98.6 83.8 81.9 84.9 97.8 98.3 90.6 96.7 83.0
1996 100.0 100.0 96.1 91.3 100.0 98.0 98.0 98.5 91.5 98.0
1997 100.0 98.6 89.0 95.5 98.6 100.0 99.1 96.4 95.5 98.6
1998 98.9 99.5 98.3 89.2 98.4 98.6 98.2 96.8 95.0 97.0
1999 98.8 92.5 96.0 99.0 91.4 99.0 98.0 97.0 96.5 90.5
2000 99.5 99.6 92.1 98.7 99.1 99.7 97.9 97.9 90.5 98.8
2001 98.0 89.7 98.4 96.0 87.9 97.4 96.8 97.4 97.4 85.6
2002 100.0 100.0 98.0 91.2 100.0 97.4 97.1 92.6 92.1 97.4

Cumulative* 98.5 96.8 94.0 93.9 95.3 98.5 97.6 95.7 95.0 93.9

Sensitivity Efficiency

Specificity Reproducibility
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5.0 DISCUSSION

For over nine years the Global Project has collected data from areas representing 39% of
the world’s sputum positive TB cases.  The number of countries participating in the project has
increased nearly three fold since the first report. Performance criteria for the Supranational
Laboratory Network have been developed, four new labs are candidates to join, and nine rounds
of proficiency testing have been completed.  Guidelines for the surveillance of drug resistance in
tuberculosis have been revised, and a fourth version of a software to analyze drug resistance has
been developed.  Most importantly, global results of the project are fuelling discussions about
policy implications.

Though increasing on the whole, coverage of the project varies widely. The areas
represented in this project reflect data from settings with at least the minimum requirements to
conduct surveillance and it is likely that the worst situations have not yet been revealed. While
the majority of countries surveyed report low to moderate rates of resistance, several countries
have serious resistance problems that may jeopardize the control of TB.  Paramount to the
success of TB control is the expansion of good TB control policies worldwide and along with it
the expanded surveillance of drug resistance to identify areas which require directed initiatives to
manage resistance.

The data reported in the third phase of this project have reinforced many of the
conclusions drawn in its first and second reports and contribute to a more in depth analysis of
dynamics and trends. The median prevalence of any resistance and MDR among new cases of
TB in this phase of the project were 1.2% and 1.1% respectively. Despite the inclusion of
different countries in each phase of the project, the medians for most resistance parameters are
similar in all reports, but the outliers vary.  MDR was again found to be highly prevalent in
several areas of the Russian Federation and countries of the former Soviet Union (Kazakhstan,
Aral Sea regions of Uzbekistan and Turkmenistan, Estonia, Latvia, Lithuania, and Tomsk Oblast,
Russian Federation as well as some areas outside of this region including Israel, Ecuador,
Liaoning and Henan Provinces of China). While trends in prevalence of MDR-TB are important
to follow, other resistance patterns should be treated as potential precursors of MDR, and must
also be watched and closely monitored. Prevalence of greater than 10% non-MDR INH resistance
was found in fifteen countries. High rates of non-MDR RMP resistance were less frequent, but
equally concerning.

Though the Global Project has been operating since 1994 very few countries have
reported data for all nine years, thus it is early to interpret trends for many countries.  Data from
repeated surveys employing like methodologies over several years are essential to determine with
any certainty in which direction prevalence of drug resistance is moving.

 It is also important to note that data reflect various stages of TB programme
implementation, thus trends must be interpreted in the context of additional relevant
programmatic indicators. Programme improvement can impact the prevalence of resistance in
several ways. A better programme can result in the reduction of the overall retreatment
population; however, difficult (resistant) cases may persist, thus in some instances an increase in
prevalence among a certain population may reflect a stable proportion of MDR cases but a
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decrease in the overall retreatment population.  It is also possible that as systems improve,
coverage and reporting of culture and DST may be more regular resulting in increases in reported
case numbers.  Improvement in laboratory proficiency, particularly the sensitivity and specificity
of drug susceptibility testing, may also affect the prevalence of resistance.  The scenarios outlined
above highlight the importance of evaluating trends in prevalence of drug resistance within the
context of relevant programmatic developments.

5.1 Magnitude of resistance by regions

AFRICAN REGION
All WHO regions were represented in this phase of the Global Project. In the Africa

region areas representing 49.5% of new smear positive TB patients and 37% of countries have
been surveyed since the beginning of the project in 1994. The Africa region shows the fewest
number of settings presenting trends given the number of settings surveyed. Only Sierra Leone,
Botswana, and Mpumalanga province, South Africa have repeated surveys.  In general, drug
resistance in the region is of low magnitude, but the available trends from Botswana and
Mpumalanga province in South Africa indicate drug resistance is increasing.  Botswana in
particular showed a significant increase in prevalence of any resistance.  Though drug resistance
was not significantly associated with HIV in the most recent survey, given the high prevalence of
HIV in Botswana, even relatively small increases in resistance could have significant impact on
the population if patients with HIV infection become co-infected with drug resistant M.
tuberculosis65.  In Botswana the number of TB cases notified almost doubled between 1995 and
2001, the case detection of smear positive TB cases reached 75% in 2001 and the success rate
was 77%. According to these indicators Botswana should be able to reach WHO targets, however
increasing incidence as well as levels of drug resistance may jeopardize efforts to control TB in
the country.  In this regard, prevalence of drug resistance in Botswana will be extremely
important to follow over time as an indicator of resistance behavior in high HIV prevalence sub-
Saharan Africa.

Sierra Leone, with two data points in the first and second reports, shows very little change in
prevalences. However, given the social unrest in the country it is possible that the NTP may have
had difficulty implementing a high quality DOTS programme, potentially affecting the
prevalence of resistance.  Reported prevalence of resistance from recently surveyed Gambia and
Algeria was very low, and only slightly higher in Zambia confirming low levels of resistance in
the region reported in previous phases in the project.  A survey in the city of Kinshasa,
Democratic Republic of Congo reported combined cases only. However, the prevalence of MDR
appeared to be relatively high for the region with 39% prevalence of any resistance and three
quarters of MDR cases resistant to all four drugs. It will be important to conduct a nationwide
survey as urban centers in general report prevalence of resistance higher than the national
average.

In 2001 and 2002, South Africa conducted a nationwide survey by province. Each
province adopted a multi-stage cluster sampling strategy and samples were representative of the
entire province. Results of this survey indicated moderate levels of MDR-TB, ranging from 1%
to 2.7%, with an increase in Mpumalanga province, the only province surveyed more than once
in the Global Project. Prevalence of MDR-TB in new patients in Mpumalanga province increased
from 1.5% in 1997 to 2.7% in 2001, while in retreatment patients prevalence increased from
8.1% in 1997 to 13.9% in 2001. During this same period performance indicators for TB control
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have progressively declined and cure rates in Mpumalanga are currently among the lowest in
South Africa. Regular reports of drug stock-outs and high default rates from treatment over this
period have further created conditions for increasing drug resistance levels.  In contrast, data
from Western Cape province reported from a previous survey in the province, not included in the
Global Project but following the accepted methodology, indicates a relatively stable trend with
levels of drug resistance found in the 2001-2002 survey nearly the same as levels reported in the
1993 survey almost a decade earlier66. The TB programme in the Western Cape is currently
among the best performing programmes in South Africa which may partly explain stable MDR-
TB prevalence figures. Additionally, the Western Cape was also the first province to
systematically treat MDR-TB patients in South Africa (since the mid-eighties). In the recent
survey it was also the only province where there was not a significant under-detection of MDR-
TB, i.e. the numbers estimated from the survey tallied with the numbers reported by the TB
control programme annually. The above findings, when compared with Mpumalanga, illustrate
two points, i.e. the potential impact of poor TB control but also the importance of doing region-
specific surveys in large/high-burden countries. The findings would have been obscured if a
survey of South Africa as a whole was done, rather than the province-specific approach that was
followed.  The nationwide survey in South Africa incorporated surveillance of HIV among TB
patients. Prevalence of HIV among TB patients was 55.3 % nationwide, but ranged from 28.2%
in the Western Cape Province to 71.9% in the Free State Province. Surveillance of HIV among
TB patients in the context of a drug resistance survey is of particular importance in order to study
the relationship between the transmission of drug resistant TB and HIV over time. Since 2001,
drug susceptibility testing is conducted on all retreatment , failure and non-converting cases and a
standardized treatment regimen is provided to MDR-TB cases. Currently there are about 4000
MDR-TB patients on treatment. The standardized treatment regimen is priced at about US$ 3400
(non-GLC price) per patient for drugs alone.

Nationwide surveys are underway in Ethiopia, Malawi, Zimbabwe and Kenya. Results
from Ethiopia and Malawi should be available in 2004. Mozambique, having presented one of
highest prevalences of MDR (3.5%) in the region in its 1998-1999 survey, is now preparing a
repeat survey. Senegal and Rwanda will be commencing surveys shortly. Nationwide data from
Tanzania, Nigeria, and DR Congo should be prioritized on the agenda of TB control programs in
these high burden countries in order to detect and address emerging MDR.  Surveys in Ivory
Coast and Uganda should be repeated in the near future.

AMERICAS REGION
In the Americas region, areas representing 92.6% of all smear positive cases and 41% of

countries have been covered by the project. High population coverage is largely an effect of
strong laboratory networks, good surveillance coverage of the higher TB burden countries, and
commitment to surveillance in the region. To a great extent MDR, as found in previous reports, is
of low prevalence in the region as a whole; however, there are important outliers.

In North America, Canada has shown relatively steady trends in prevalence of drug
resistance among new and previously treated case populations.  TB case notification has
decreased since 1997 and prevalence of MDR has never reached above 1.0% among new or 4%
among previously treated cases.  The USA has shown decreases in overall TB notifications as
well as overall numbers of drug resistant cases since 1995. Decreases in MDR and any rifampicin
resistance were significant among new cases, and decreases in any resistance, MDR, any
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rifampicin and any isoniazid resistance were significant among previously treated cases.  Cuba, a
country with a history of good TB control reported significant decreases in any resistance among
both new and previously treated cases.  Argentina shows a decrease in almost all resistance
parameters between surveys.  However, the first survey in 1994 sampled a cluster of HIV
patients, among whom an outbreak of MDR had recently occurred, very likely biasing the survey
results. The 1999 survey reflects a change in sampling methodology adopted to minimize bias,
and the lower prevalences reported in this survey are probably a more accurate representation of
drug resistance levels in the country. Uruguay showed a slight increase in all resistance
parameters; however, the magnitude of overall resistance in the country is, to date, the lowest
reported in the region. Preliminary results were available from Honduras and Ecuador. The
sample from Honduras indicated that prevalences of drug resistance for all parameters are similar
to those of the majority of countries surveyed in the region. Ecuador was an extreme outlier for
the region (MDR 4.9% final results).  The high level of MDR found in Ecuador is most likely a
result of late and partial implementation of DOTS.  Interestingly in Ecuador, MDR constitutes a
higher proportion of any resistance in both new and previously treated cases than any other
country in the region. This is in contrast to Bolivia with a relatively high prevalence of any
resistance, only a small proportion of which is MDR.  Chile, which saw only slight and non-
significant increases in resistance between 1997 and 2001, has, over time, employed one of the
most innovative surveillance policies in the region, which may prove to be a useful model for
other countries.  Chile performs continuous surveillance of all previously treated patients and
conducts a survey on a representative sample of new cases every three years, thus obtaining
accurate samples of both populations, strengthening routine patient history interviews, and
identifying resistance patterns of previously treated patients early on in treatment.  This model
can perform well in countries with longstanding histories of TB control however, in new
programs where patient interviews have not been well established the risk of misclassification
may be a concern.  A survey in Paraguay is ongoing. Panama, Brazil, Peru, Colombia, Costa
Rica, Mexico and Dominican Republic will commence surveys shortly. A repeat survey in
Dominican Republic will be particularly useful after having reported a MDR prevalence of 6.6%
in the first survey, however the decade lapse between surveys presents an obstacle to reasonable
comparison of results. A second survey in Mexico will now be nationwide and not partial as in
the 1997 survey.  Brazil will shortly undertake a nationwide survey by state, sampling separately
new and retreatment populations and incorporating surveillance of HIV in TB patients.

EASTERN MEDITERRANEAN REGION
 The Eastern Mediterranean region has both the lowest coverage of new smear positive
cases (11.6%) and the fewest number of countries surveyed (21.7%). The only trends in the
region are available for the Gulf states of Oman and Qatar, both with small numbers of total cases
and low to moderate levels of resistance, much of which is imported. Trends are difficult to
interpret because of the small numbers of cases, though drug resistance does not appear to be a
problem in either of these Gulf States. The survey recently conducted in Egypt showed moderate
levels of MDR among new cases (2.2%) but unusually high prevalences of any and mono RMP
resistance. Data on resistance to rifampicin must be interpreted with some caution as quality
assurance procedures have not yet been finalized.  Currently results are being verified by the
corresponding SRL. Lebanon, Jordan, and Syria have surveys underway and Iran and Morocco
are preparing for repeat surveys, with nationwide coverage in Morocco.  Other Gulf states such as
Kuwait, Bahrain, and United Arab Emirates conduct routine drug resistance surveillance of all



81

TB patients but this information has not been yet made available and currently annual proficiency
testing with an SRL is not carried out.

EUROPEAN REGION
In the European region areas representing 47.8% of all smear positive cases, and 70.6% of

countries have been surveyed. High coverage of countries in the region is primarily a result of
continuous surveillance of bacteriologically confirmed TB cases in much of Western and parts of
Central Europe. The European region displays the greatest heterogeneity of resistance parameters
of the world including both the highest as well as the lowest prevalences of resistance.

Because of the varied history of TB control within the region it is important to discuss the
three sub-regions separately (West, Central, and East).  In general, drug resistance is not a public
health problem in Western Europe. Drug resistance prevalence is low, evidenced by an MDR
median prevalence below 1%, much of which has been attributed to imported isolates and
localized outbreaks. In Germany, higher proportions of any resistance and MDR were reported
among new and previously treated cases in 2001 and 2002a following changes made in the
national surveillance system in 2001.  Previous to 2001 drug resistance data in Germany were
based on a nationally representative sample representing 55% of local health departments that
had elected to report drug susceptibility testing results, contributing 50.2% of all reported cases.
Since 2001, results of drug susceptibility testing are notifiable by law and are centrally analyzed,
therefore the higher proportions observed in 2001 and 2002 may not necessarily reflect an
increase over time, but may be due to a methodological change in the surveillance system. France
presents stable trends of most resistance parameters among new cases, and resistance in the
country is of relatively low magnitude. Resistance to any drug is significantly increasing in
Barcelona however specific parameters are difficult to interpret. When data were stratified by
origin of birth proportions of resistance were higher in the foreign born population. This coupled
with an increase in immigration in Barcelona since 2000 may suggest that rising prevalence of
resistance may be linked to immigration. Israel is an outlier, presenting the highest levels of
resistance for most parameters. Though unusual in terms of magnitude and fluctuation of rates
between years the situation of this country is unique due to high levels of immigration from areas
of the former Soviet Union6768

Data from countries in Central Europe show relatively low prevalences of drug resistance
with indications of an increase in resistance parameters in a few countries.  Though only
presenting two data points Poland showed a significant two-fold increase in all resistance
parameters among new cases69; however, the prevalence of MDR-TB remains low at 1.2%
among newly detected cases. Slovenia shows stable trends in prevalence of any resistance with
very few MDR cases detected.  Slovakia has shown steady but non-significant increases in
resistance parameters since reporting began in 1998. Both countries have long histories of good
TB control. The Czech Republic reported a steady but non-significant increase in prevalence of
any resistance and a recent, but non-significant increase in MDR among new cases. In general,
drug resistance overall does not appear to be a problem at this time as prevalence is low and total
MDR cases are very few.  It is likely that resistance will continue to be low in Central Europe.

                                                          
a Based on unpublished data from Robert Koch Institute in Germany
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Considerably higher prevalences of drug resistance, including MDR-TB have been
reported in Eastern Europe. The first phase of the Global Project identified drug resistance as a
major public health problem in areas of the former Soviet Union.  The second report reiterated
these findings and evidence from the third phase of the Global Project indicates that drug
resistance is of serious magnitude, extremely widespread, with high proportions of 3-4 drug
resistance.

The prevalence of MDR among new cases in Estonia increased from 1994 until 1999 as
did case numbers, and significantly decreased in 2000; however, preliminary data from 2001 and
2002 indicate a slight increase in MDR among new cases.  This increase coupled with decreasing
overall notifications of new cases causes prevalance to increase to similar levels observed in
1999, around 17%. In reality MDR case numbers appear to be relatively steady, and translate to
fewer than 70 new MDR cases per year. Recent data also indicate a further decrease in MDR
among previously treated cases, both in prevalence and total case numbers, appearing to be a real
sustained decrease over three years. This decrease is encouraging and may likely be the result of
well implemented DOTS in the recent past and national DOTS Plus coverage, though only a
sustained decrease over the coming years will confirm this trend.  With such high prevalence of
MDR in the population it is expected that to truly interrupt the chain of transmission and witness
a decrease in prevalence of resistance will take some time. Lithuania showed steady and
important increases in most resistance parameters, however only increases in MDR and INH
among previously treated cases and any resistance and MDR among combined cases were
significant. Additionally overall retreatment notifications have almost doubled since since 1999.
DOTS is implemented in 95% of the country and Lithuania has plans to apply to the GLC once
DOTS coverage is complete.  In Latvia, new case notifications have increased steadily since 1996
as have total number of cases with any drug resistance, this is reflected in a slight but steady
increase in prevalence of any resistance since 1998.  Prevalence of MDR has fluctuated slightly
since 1998 showing a small decrease in 2000, however total number of reported new cases with
MDR were relatively steady from 1998 through 2000.  Both total number of retreatment cases as
well as cases with drug resistance including MDR decreased in Latvia until 1999 and then
increased 2000. This, may be a result of more complete reporting of DST results of all
retreatment cases. Prior to 2000 only DST results for relapse cases were reported in Latvia.

Surveys have been implemented in 3 Oblasts of the Russian Federation. Tomsk Oblast
presented a high prevalence of MDR among new cases with significant and increasing trends in
most resistance parameters. Though prevalence of MDR appears to be increasing among
previously treated cases, decreases in total retreatment cases since the first survey in 1998 were
reported in 2002 while numbers of MDR cases fluctuate slightly over time. Trends must be
interpreted with caution as changes in surveillance methodolgies have taken place over the years,
including; methods of case detection, increased implementation of DOTS, and increased
involvement of the rural areas.  In order to determine drug resistance trends with any certainty
surveillance of drug resistance must continue in the Oblast. DOTS Plus was begun in Tomsk in
late 2000. Data from the second Global Report indicated that prevalence of MDR was increasing
in Ivanovo Oblast, and recent data (unpublished) from 2002 further support this trend.

Kazakhstan recently undertook a nationwide survey indicating a very high prevalence of
MDR (14.2%) among new cases, with the majority of these cases resistant to four drugs. The
sample size was based on new cases, however during the survey intake period approximately
equal numbers of new and retreatment cases presented at diagnostic units, thus 47% of the total
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sample is composed of previously treated cases. This scenario suggests that there are at least
3000  MDR patients diagnosed in the country each year, 70% of whom are resistant to four first
line anti-tuberculosis drugs. DOTS was implemented beginning in 1998, and while notification
rates continue to rise, TB mortality rates have witnessed a steady decrease. The use of second-
line drugs appears to be extensive and a clear management strategy for MDR cases must be
developed. A survey of the Aral Sea region in DOTS covered areas of Uzbekistan and
Turkmenistan indicate a very high prevalence of MDR in Karakalpakstan, Uzbekistan and a
moderately high prevalence of MDR in Dashoguz Velayat, Turkmenistan.  Both areas report high
proportions of previously treated cases with most MDR cases  resistant to three or four drugs.

Very high prevalences of drug resistance have now been confirmed in Estonia, Latvia,
Lithuania, Tomsk and Ivanovo Oblasts, in the Russian Federation, Kazakhstan and the Aral Sea
regions of Dahoguz Velayat, Turkmenistan and Karakalpakstan, Uzbekistan.  Preliminary
evidence suggests even higher prevalences in other areas of the former Soviet Union.  TB control
following international guidelines must be highly prioritized and immediate action must be taken
to increase the coverage of drug resistance surveillance in areas of the former Soviet Union.
Presently, surveys are being planned in Kyrgyzstan, Moldova, Georgia, and Donetsk, Ukraine
and a nationwide survey in Uzbekistan. The Russian Federation should develop a plan to
systematically survey all Oblasts. Currently development of a protocol for 10 Oblasts is
underway. One of the identified obstacles to surveillance in the region is the lack of
internationally quality controlled laboratories. In order to obtain reliable data from these areas,
proficiency testing of national reference laboratories must be carried out immediately. DOTS and
DOTS-Plus must be launched or expanded to control MDR in areas of known high prevalence
and in order to avoid an epidemic of catastrophic proportion that has the possibility to destabilize
TB control in the region.

SOUTH EAST ASIAN REGION
The South East Asia region also has among the lowest survey coverage of new smear

positive cases (areas representing 14.1% of all smear positive cases) largely due to low coverage
of India, Bangladesh and Indonesia. Sparse data make it difficult to assess the regional scenario
with any accuracy. Resistance in countries surveyed (Nepal, Thailand, and a few settings in
India) is reportedly moderate but with large numbers of total TB cases making the actual burden
of resistant cases much higher. Additionally, a large and unregulated private sector and over the
counter access to a wide-range of TB drugs in many South East Asian countries suggests an
environment conducive to the development of drug resistance. Increasing surveillance coverage
should be considered a regional priority. Recently district surveys were carried out in India, in the
states of Maharashtra, Tamil Nadu, and Karnataka. Data from two surveys in Tamil Nadu (one at
the state and one at district level) indicate prevalences of MDR among new cases around 3%.
MDR prevalence of 3% may indicate an enormous number of MDR-TB cases in this state.
Additionally, many states in the country report high proportions of retreatment cases in the NTP
though very little is known with regard to drug resistance prevalence among this population. Only
well designed state level surveys, sampling new and retreatment cases separately will be able to
assist in ascertaining a baseline prevalence of  these populations at the state level.  India is
developing a national plan to conduct nationwide surveillance of drug resistance by state, starting
with two states this year and gradually adding and re-surveying states over time, as has been done
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in China, and is planned in Brazil.  Another objective of nationwide surveillance of drug
resistance in India is the strengthening of laboratory networks, both through the implementation
of an external quality assurance system for smear microscopy and QA of culture and DST in state
laboratories. The plan is ambitious and will require concerted political commitment of the
government to succeed.  Nepal has conducted three surveys with mixed results. Prevalences of
resistance among new cases from the first and third survey are similar, however the second
survey presents considerably higher proportions of resistance among new cases. Resistance
among previously treated cases (surveyed only in the last two surveys) decreases. Reasons behind
fluctuations in resistance prevalence between surveys are still unknown, subsequent surveys will
be helpful in confirming the prevalence of MDR-TB. Thailand showed significant decreases in
prevalences of MDR and any resistance between 1997 and 2001 though notifications of all TB
cases increased considerably during this time. It is possible that the decrease in drug resistance in
Thailand is a result of good TB control and will be sustained in the future, however at this time
data is not sufficient to determine with any certainty. Myanmar is finalizing a nationwide drug
resistance survey and Indonesia has plans to conduct a partial survey in 2004. Bangladesh
constitutes another important gap in drug resistance information in the region and should be
prioritized for nationwide surveillance.  Human and financial capacity of the national reference
laboratory need to be enhanced before proficiency testing can take place, and a nationwide survey
can be implemented.

WESTERN PACIFIC REGION
The Western Pacific region has very high surveillance coverage of new smear positive

cases (areas representing 50.8% of smear positive cases) owing in part to the broad coverage of
China and a strong commitment to surveillance in the region.  China has a progressive
surveillance policy and has surveyed five of 29 provinces in the country, with a repeat survey
completed in Henan, and repeat surveys planned in Guangdong, Zhejiang, and Shandong
provinces. New surveys are ongoing in Inner Mongolia and Hunan, surveys of Beijing and
Shanghai cities are due to start shortly, and surveys are planned in Xinjiang, Heilongjiang, and
Chongqing. Hong Kong conducts continuous surveillance.  Prevalence of drug resistance ranges
from low in Hong Kong to extremely high in Henan and Liaoning.  Liaoning province reported
an extremely high prevalence of MDR (10.8%) among new cases, however based on patient re-
interviews there was an estimated 25-30% misclassification of previously treated cases (as new
cases) indicating that prevalence of MDR may more likely be situated around 8%. Henan
experienced a similar misclassification in 1996 (MDR adjusted from 16% to 11%). Prevalence of
MDR in the subsequent 1999 survey suggest Henan may have observed a real decrease between
these years (from 11% to 7.8%), however due to the methodological problems in the first survey
this is difficult to conclude with any certainty.  In both settings misclassification was difficult to
avoid given previous policies that had been in place, and reiterates the methodological
importance of rechecking records and re-interviewing patients during the course of a survey. Of
particular note in China, is the well designed QA system that has evolved in conjunction with
drug resistance surveillance. Proficiency testing of provincial laboratories having conducted or
preparing to conduct surveys takes place annually, even after the completion of a survey.  Annual
PT of provincial laboratories should remain a priority, in this way China is taking steps to
establish a long-term QA system for DST in the country.

Data from other countries surveyed indicate that anti-TB drug resistance elsewhere in the
region is of low magnitude.  Japan provided data from a 1997 nationwide sentinel survey and
Mongolia from a 1999 nationwide survey both showing relatively low prevalences of drug
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resistance.  Singapore and Hong Kong, both conducting surveillance of all culture positive TB
cases, also reported low  prevalence of resistance. The decrease in any resistance among new
cases in Hong Kong was significant. The 2001 survey in Cambodia indicated a very low
prevalence of resistance in the population, which is important given the high number of TB cases
and high HIV prevalence in the country.  Vietnam will repeat a survey shortly.  Given the high
prevalence of INH resistance, and somewhat moderate prevalence of MDR reported in the last
survey and results from recent municipal surveys in Vietnam it will be important to follow the
prevalence of resistance in this country. Prevalence of resistance in Australia, New Zealand, and
the South Pacific appear to be largely of foreign origin and are of little magnitude at this time.

5.2 Ecological Analysis
The ecological analysis reiterated findings of the first two phases of the project, namely

that retreatment is strongly associated with drug resistance. This finding highlights the
importance of drawing greater attention to this group of patients in terms of treatment, reporting,
and representative drug resistance surveillance. In general, the ecological analysis was
inconclusive with the exception of the above finding. Despite the inherent weakness in ecological
analysis of aggregate data, the conceptual model, presented in this monograph can constitute a
step forward for more reliable and individual data collection.

5.3 Burden of MDR
In many countries where the population of TB cases is low, high prevalence of resistance

does not reflect high absolute numbers of cases. Conversely, low prevalence of MDR applied to
high burden countries such as South Africa or some Provinces in China could reflect a
considerable number of MDR cases. In South Africa, 2.9% of all TB sputum positive cases are
MDR, while in Kazakhstan every fourth smear positive pulmonary TB case is MDR.  Kazakhstan
has a lower burden of disease and South Africa a lower prevalence of MDR, yet both countries
have an enormous burden of 3000 or more MDR cases being diagnosed each year. Nepal,
Thailand and Estonia are other examples. Nepal has 3.8% and Thailand, 1.8% MDR prevalence
among combined cases, have about 5 times as many MDR cases as Estonia with 19.5% MDR.
Ultimately the magnitude of the problem rests on the ability of a country to treat patients.

The international Community and partners must prioritize both technical and financial
support to countries with an identified MDR-TB problem. Failure to do so, will result in a
situation where a sub-standard level of care and irrational use of second line drugs will continue
to perpetuate the transmission of and potentially amplify further highly drug resistant isolates of
tuberculosis. A critical mass of resistant cases has great potential to not only suspend the progress
of TB control but to reverse it. DOTS-Plus is a comprehensive management strategy for MDR-
TB that includes the five tenets of the DOTS strategy. By definition, it is impossible to conduct
DOTS-Plus in an area without having an effective DOTS-based TB control programme in place.
Therefore the international community must also be willing to reject GLC applications from
countries/settings where basic TB programs are sub-optimal or not fully in place in order to
prevent further amplification of resistance. Fortunately mechanisms such as the Global Fund now
require all requests for the funding of second-line TB drugs to go through the GLC for approval.
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5.4 SRLN
The network of Supranational Laboratories has completed nine rounds of proficiency

testing since 1994. Currently 20 laboratories in five regions represent the network.  Three
laboratories have closed since the beginning of the project and four laboratories are candidates to
join. Cumulative results over nine rounds indicate overall high performance of the network.  On
the individual level, some laboratories have shown substandard performance in one or more
rounds.  Results of proficiency testing at the NRL level are subject to scrutiny by the
corresponding SRL and then shared with the Global Project.  Following an evaluation by the
Supranational laboratory a decision is made whether to carry out the survey or repeat proficiency
testing. The Global Project, partners and the SRLN itself have proposed performance criteria for
the network at different stages of the project in order to address substandard performance and
maintain a high level of quality to ensure the reliable survey results. None of these proposals has
ever been adopted strictly.  Therefore, it was proposed that the SRLN themselves develop criteria
for network and NRL standards.  The outline of these criteria include; quantitative and qualitative
indicators for both admission into the network, assessment of performance and contribution to the
network of existing members, and type and timing of remedial action when substandard
performance is detected. The network has recently agreed upon these criteria and details will be
published in the coming year. In the future, performance criteria for NRLs will also be developed
and agreed upon by the network.

Borderline isolates detected in two rounds of proficiency testing affected the overall
performance for the network in those rounds and made reproduction of those isolates for PT of
NRLs virtually impossible. The SRLN agreed that efforts should be made to exclude borderline
isolates from quality assurance exercises, and borderline isolates that were included in previous
panels, should not be included in standard calculations of sensitivity and specificity for the
purposes of evaluating individual laboratories.  Preliminary research has shown that at least one
of the “borderline isolates”  was a mixed culture containing one drug resistant and one
susceptible isolate; however further exploration is warranted.

The contribution of the Supranational Laboratory network to the Global Project has been
paramount in achieving the high quality and coverage of surveillance of drug resistance to date.
While the WHO/IUATLD Global Project coordinates the SRLN and supports financially a small
portion of operational costs, the Supranational Laboratories invest their own time and most of
their own resources to assist in this global endeavor. Recently the SRLN has extended
contribution of their time and experience to a several regional DST training courses.
Additionally, the majority of SRLN members along with partners have become involved in a
Laboratory Strengthening Subgroup organized by the DOTS Expansion Working Group. The
Laboratory Strengthening Subgroup seeks to assess and develop plans for improvement of entire
national laboratory networks with an emphasis placed on sputum smear microscopy.  A recent
meeting of the SRLN and Subgroup concluded with the determination to develop a
comprehensive workplan for the coming two years, and engage the international community in
putting laboratory network improvement firmly on the TB control agenda.  Improved laboratory
networks will translate into improved diagnostic and treatment capacity, and more accurate
surveillance of drug resistance.
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5.5 Drug Resistance Patterns

Among the advantages of being able to analyze DST results obtained from 1994 till 2002
from over 90,000 isolates and from over 100 sites on all continents, is that even the most
infrequent drug resistant types (combinations) can be detected with a high degree of sensitivity.
This is not always true of the data from some sites where the number of cultures examined is less
than 1000, given that some drug resistant types show prevalences as low as 0.1% or even lower.
The number of isolates examined is sufficiently high to guarantee statistical significance of both
new cases and previously treated cases even though all settings within some regions such as EMR
and SEAR might not always be representative of the regions as a whole. The consistency of the
findings argues for the robustness of the following conclusions:

Increase in drug resistance rates
Clinical TB drug resistance develops as a result of spontaneous genetic mutations in M.

tuberculosis, which are selected if anti-tuberculosis drugs are used inconsistently or
inappropriately, e.g., if mono-therapy is applied. In patients with drug resistant tuberculosis,
additional drug resistance may develop if a regimen with multiple drugs is prescribed that
includes the drugs these patients are already resistant to. In this situation some of these patients
may end-up effectively receiving mono-therapy. In this respect the findings of worldwide drug
resistant surveys are tale telling, the prevalences of drug resistance are significantly higher among
re-treatment patients than among new patients in all WHO regions. The only logical inference is
that present treatment practices create significant numbers of new resistant cases and amplify
already present resistance.

This analysis shows, both globally and regionally, a remarkable consistency in the
distribution of the major drug resistant types as well as in the increase in drug resistant
prevalence among previously treated cases relative to new cases. It is to be noted that an increase
in prevalence of drug resistance observed in previously treated cases, relative to new cases, is
present in all regions, however rates of increase vary between regions. Since this increase is in
great part directly related to the quality of present drug treatment practices, this apparent
characteristic could well lead to the development of an indicator that would quantify the quality
of treatment practices.

Amplification of drug resistance proportions
It is well understood that the creation of drug resistance follows sequential process i.e.

mono-resistance � double resistance � triple resistance � quadruple drug resistance. The
addition of a new drug to a failing drug regimen is an effective way of amplifying the drug
resistance problem. Monoresistance can only be selected in the presence of an inhibitory drug
concentration leading to the selection of pre-existing mutant bacilli, whereas resistance to two
drugs cannot be created simultaneously in the presence of effective concentrations of two drugs.
This is because the number of bacilli present in the lesions (108) is usually much lower than the
theoretically required bacillary load needed to produce double resistance i.e. in the case of SM
and INH, 2.29 x 10-8 and 2.56 x10-8 respectively or 10-16. Results obtained in this study show that
the proportions of monoresistance decrease in retreatment patients, whereas double resistance
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remains essentially unchanged. Triple and quadruple resistance increase by about the same
proportion as monoresistance decreases. Amplification caused by retreatment(s) is the easiest
way to interpret these changes i.e. the selective pressures of treatment create double resistance
from mainly monoresistant H / S cases thus creating a void in the proportion of monoresistance.
The absence of significant change in double resistance proportions can be explained by selective
pressure, leading to an increase in triple and quadruple drug resistance modes thus balancing the
inflow from the monoresistance mode.  Since resistance in retreatment cases mostly reflects the
quality of recent treatment practices, these results could lead to the development of an indicator
based on the extent of amplification. The difference between previously treated and new case
triple and quadruple proportions could constitute such an indicator. More analysis is needed to
validate this proposed indicator.

Major drug resistance pathways
Lastly, we have seen that monoresistant H / S, double resistant HS, triple resistant HSR

and quadruple resistant HSRE cases account for about 85% of all resistant cases. This
circumstance alone suggests that, globally as well as in most regions, the main pathway of drug
resistance amplification is H, S � HS � HSR � HSRE. Other pathways can and do exist but
their contribution to the drug resistance problem is relatively very minor. We can therefore state
that monoresistance to H and to S are the foundations for the acquisition of additional drug
resistance.

Implications
The above analysis has shown that there is circumstantial, but compelling evidence that

either monotherapy or effective monotherapy or both are more widespread than commonly
thought. These results corroborate recently emerging evidence that standard retreatment regimens
containing first line drugs for failures of standard treatment should be abandoned. In a recent
study Quy et al, have shown the limitations of the 2SRHZ/6HE regimen in preventing the
amplification effect even in patients with primary resistance other than MDRTB, including single
drug resistance. From the analysis of the above data, there might also be wider implications for
the standard 2SRHZ/6HE regimen at least in those countries with high rates of H / S
monoresistance and HS double resistance. One possible way of breaking the amplification
juggernaut would be to replace S in standard regimens and/or adding a third drug to the
continuation phase.
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ANNEXES

ANNEX 1: PREVALENCE (%) OF DRUG RESISTANCE AMONG NEW TB CASES, BY COUNTRY/GEOGRAPHICAL SETTING AND WHO
REGION (1999-2002)

OVERALL RESISTANCEa TO:
COUNTRY/SETTING Year # PATIENTS

TESTED
Susceptible Resistance 1 DRUG 2 DRUGS 3+ DRUGS Poly-

Resistance MDR

AFR

Algeria 2001 518 93.8 6.2 4.1 1.0 1.2 1.0 1.2
Botswana 2002 469 86.4 13.6 9.0 3.4 1.3 3.4 1.3
The Gambia 1999 210 95.7 4.3 3.8 .5 0.0 .0 .5
South Africa-Eastern Cape 2001 506 88.7 11.3 7.9 2.8 0.6 2.4 1.0
South Africa-Free State 2001 414 91.4 8.6 5.5 1.5 1.5 1.3 1.8
South Africa-Gauteng 2001 592 93.4 6.6 4.1 1.5 1.0 1.2 1.4
South Africa-Kwazulu-Natal 2001 595 93.4 6.6 3.7 1.0 1.8 1.2 1.7
South Africa-Limpopo 2001 451 92.9 7.1 2.9 2.4 1.8 1.8 2.4
South Africa-North West 2001 631 91.9 8.1 4.4 1.8 1.8 1.3 2.2
South Africa-Western Cape 2001 427 94.4 5.6 3.1 2.3 0..2 1.6 0.9
Zambia 2000 445 88.5 11.5 8.5 2.0 .9 1.1 1.8
**South Africa-
Mpumalanga 2001 702 90.6 9.4 5.6 2.1 1.1 1.3 2.7

Median 469 92.9 7.1 4.1 1.8 1.2 1.3 1.4

AMR

Argentina 1999 679 89.8 9.7 7.5 1.2 1.5 .9 1.8
Canada 2000 1244 91.5 8.5 5.8 1.8 .7 1.9 .7
Colombia 1999 1087 84.5 15.5 9.4 4.6 1.6 4.7 1.5
Cuba 2000 377 95.0 5.0 3.7 1.3 .0 1.1 .3
Ecuador 2002 394 76.6 23.4 12.9 8.4 2.0 3.8 6.6
El Salvador 2001 611 94.3 5.7 4.9 .8 .0 .5 .3
Honduras 2002 169 82.8 17.2 11.2 4.7 1.2 4.1 1.8
Puerto Rico 2001 100 88.0 12.0 6.0 5.0 1.0 4.0 2.0
Uruguay 1999 315 96.8 3.2 2.9 .3 .0 .0 .3
United States of America 2001 9751 87.3 12.7 8.8 2.8 1.1 2.7 1.1
Venezuela 1998 769 92.5 7.5 4.9 2.2 .4 2.1 .5

                                                          
a Small differences may appear between the variable “overall resistance” and  “resistance to 1 drug+2 drugs+3drugs”, due to rounding.
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OVERALL RESISTANCEa TO:
COUNTRY/SETTING Year # PATIENTS

TESTED
Susceptible Resistance 1 DRUG 2 DRUGS 3+ DRUGS Poly-

Resistance MDR

**Chile 2001 867 89.5 11.7 8.2 2.7 .8 2.7 .7
Median 554 90.3 9.7 6.0 2.2 1.0 2.1 1.1

EMR

Egypt 2002 632 69.5 30.5 21.7 6.5 2.4 6.6 2.2
Oman 2001 171 94.7 5.3 4.7 .6 .0 .6 .0
Qatar 2001 284 90.1 9.9 7.0 2.8 .0 2.5 .4

Median 284 90.1 9.9 7.0 2.8 .0 2.5 0.4

EUR

Andorra 2000 3 100.0 .0 .0 .0 .0 .0 .0
Austria 2000 694 95.5 4.5 3.0 1.0 .4 1.0 .4
Belgium 2000 562 94.0 6.0 4.5 1.2 .3 .4 1.2
Bosnia-Herzegovina 2000 993 97.6 2.4 2.0 .4 .0 .3 .1
Croatia 2000 780 98.2 1.8 1.5 .3 .0 .1 .1
Czech Republic 2000 616 95.6 4.4 2.6 1.1 .6 .6 1.1
Denmark 2000 392 88.0 12.0 7.1 4.6 .3 4.6 .3
Estonia 2000 410 71.5 28.5 10.7 4.4 13.4 5.6 12.2
Finland 2000 374 95.5 4.5 3.2 1.1 .3 1.1 .3
France 2000 947 90.7 9.3 7.3 1.5 .5 1.2 .8
Germany 2000 1743 93.4 6.6 4.4 1.4 .9 1.4 .8
Iceland 2000 8 100.0 .0 .0 .0 .0 .0 .0
Ireland 2000 136 97.1 2.9 2.2 .7 .0 .0 .7
Israël 2000 253 68.8 31.2 11.9 4.7 14.6 5.1 14.2
Italy 2000 688 88.7 11.3 7.0 3.3 1.0 3.2 1.2
Kazakhstan 2001 359 42.9 57.1 13.9 17.8 25.3 29.0 14.2
Latvia 2000 897 68.3 31.7 9.3 12.2 10.3 13.2 9.3
Lithuania 2002 819 70.8 29.2 10.4 8.2 10.6 9.4 9.4
Luxemburg 2000 39 92.3 7.7 7.7 .0 .0 .0 .0
Malta 2000 9 100.0 .0 .0 .0 .0 .0 .0
Netherlands 2000 768 89.3 10.7 7.8 2.5 .4 2.0 .9
Norway 2000 160 75.6 24.4 15.0 9.4 .0 7.5 1.9
Poland 2001 3037 93.9 6.1 4.0 1.3 .8 1.0 1.2
Russian Fed. - Orel Oblast 2002 379 78.9 21.1 5.3 9.8 6.1 13.2 2.6
Russian Fed. -Tomsk Oblast 2002 533 62.7 37.3 10.5 13.3 13.5 13.1 13.7
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OVERALL RESISTANCEa TO:
COUNTRY/SETTING Year # PATIENTS

TESTED
Susceptible Resistance 1 DRUG 2 DRUGS 3+ DRUGS Poly-

Resistance MDR

Slovakia 2000 465 95.9 4.1 2.4 1.3 .4 .6 1.1
Slovenia 2000 282 97.5 2.5 1.8 .7 .0 .7 .0
Spain-Barcelona 2001 133 89.5 10.5 7.5 2.3 .8 2.3 .8
Spain-Galicia 2001 360 88.3 11.7 9.7 .6 1.4 .6 1.4
Sweden 2000 322 88.8 11.2 7.8 2.8 .6 2.2 1.2
Switzerland 2000 330 94.5 5.5 5.5 .0 .0 .0 .0
Turkmenistan - Dashoguz 2001 105 69.5 30.5 21.0 4.8 4.8 5.7 3.8
U.K.- England, Wales,
Northern Ireland

2000 2312 91.6 8.4 6.4 1.3 .6 1.1 .9

Uzbekistan - Karakalpakstan 2001 106 51.9 48.1 15.1 13.2 19.8 19.8 13.2
Yugoslavia-Belgrade 2000 249 94.4 5.6 4.8 .4 .4 .4 .4

Median 379 91.6 8.4 6.4 1.3 .6 1.1 .9

SEAR

India-North Arcot 1999 282 72.3 27.7 16.7 7.1 3.9 8.2 2.8
India-Raichur District 1999 278 78.1 21.9 15.5 4.0 2.5 4.0 2.5
India-Wardha District 1999 197 80.2 19.8 15.2 4.6 .0 4.1 .5
Nepal 2001 755 89.0 11.0 7.0 2.8 1.2 2.6 1.3
Thailand 2001 1505 85.2 14.8 10.5 3.5 .9 3.4 .9

Median 282 80.2 19.8 15.2 4.0 1.2 4.0 1.3

WPR

Cambodia 2001 638 89.7 10.3 8.5 1.9 .0 1.9 .0
China-Henan 2001 1222 70.1 29.9 15.6 7.2 7.0 6.5 7.8
China - Hong Kong 2001 3470 89.8 10.2 7.0 2.4 .8 2.4 .8
China-Hubei 1999 859 82.5 17.5 10.9 5.1 1.4 4.4 2.1
China-Liaoning 1999 818 57.9 42.1 21.6 10.6 9.8 10.0 10.4
Japan 1997 1374 89.7 10.3 7.6 2.1 .6 1.8 .9
Mongolia 1999 405 70.6 29.4 18.3 9.6 1.5 10.1 1.0
New Zealand 2001 272 88.6 11.4 9.2 2.2 .0 2.2 .0
Singapore 2001 823 95.0 5.0 3.2 1.2 .6 1.3 .5

Median 823 88.6 11.4 9.2 2.4 .8 2.5 .9
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OVERALL RESISTANCEa TO:
COUNTRY/SETTING Year # PATIENTS

TESTED
Susceptible Resistance 1 DRUG 2 DRUGS 3+ DRUGS Poly-

Resistance MDR

Overall Median 459 89.8 10.2 7.0 2.2 .8 1.9 1.1
Overall Minimum 3 42.9 .0 .0 .0 .0 .0 .0
Overall Maximum 9751 100.0 57.1 21.7 17.8 25.3 29.0 14.2
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ANNEX 2:  Prevalence (%) of drug resistance among new TB cases, according to specific drugs, by country/geographical setting
and WHO Region (1999-2002)

INH RMP EMB SMCOUNTRY/SETTING YEAR # PATIENTS
TESTED MONO ANY MONO ANY MONO ANY MONO ANY

AFR

Algeria 2001 518 1.0 3.1 .0 1.2 .0 .0 3.1 5.2
Botswana 2002 469 1.9 5.5 1.3 3.2 .4 2.1 5.3 9.2
The Gambia 1999 210 1.9 2.4 .5 1.0 .0 .0 1.4 1.4
South Africa-Eastern Cape 2001 506 3.8 7.1 .2 1.2 .0 .7 4.0 6.7
South Africa-Free State 2001 454 3.3 6.4 .7 2.4 .0 .7 1.5 4.0
South Africa-Gauteng 2001 592 1.9 4.4 .3 1.7 .0 .3 1.9 3.8
South Africa-Kwazulu-Natal 2001 595 2.5 5.4 .2 1.8 .0 .8 1.0 3.9
South Africa-Limpopo 2001 451 1.3 5.5 .0 2.4 .0 2.2 1.6 4.0
South Africa-North West 2001 631 2.2 5.9 .5 2.7 .0 1.3 1.7 4.4
South Africa-Western Cape 2001 427 2.6 5.2 .0 0.9 .0 .0 0.5 2.3
Zambia 2000 445 3.4 6.3 .0 1.8 .7 2.0 4.5 5.4
**South Africa-Mpumalanga 2001 702 3.1 7.0 .6 3.1 .0 1.0 1.9 4.1

Median 469 2.2 5.5 .2 1.8 .0 .7 1.7 4.0

AMR

Argentina 1999 554 1.8 4.3 .4 2.2 .4 2.0 4.5 7.0
Canada 2000 1244 4.3 6.8 .0 .9 .2 1.0 1.4 3.5
Colombia 1999 1087 3.4 9.5 .1 1.7 .3 .8 5.6 11.5
Cuba 2000 377 .3 1.1 .0 .8 .0 .0 3.4 4.5
Ecuador 2002 394 4.8 14.0 2.3 10.2 .3 .8 5.6 10.9
El Salvador 2001 611 .5 1.3 .8 1.1 .3 .3 3.3 3.8
Honduras 2002 169 1.2 6.5 .0 2.4 .0 1.2 10.1 14.8
Puerto Rico 2001 100 3.0 8.0 .0 3.0 .0 1.0 3.0 8.0
Uruguay 1999 315 1.3 1.6 .0 .3 .0 .0 1.6 1.6
United States of America 2001 9751 4.0 7.7 .2 1.5 .4 1.6 4.1 7.4
Venezuela 1998 769 1.7 3.9 .4 1.0 .1 1.0 2.7 4.7
**Chile 2001 867 1.5 5.0 .1 .9 .0 .2 6.5 10.0

Median 554 1.8 6.5 .1 1.5 .2 1.0 3.4 7.0

EMR
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INH RMP EMB SMCOUNTRY/SETTING YEAR # PATIENTS
TESTED MONO ANY MONO ANY MONO ANY MONO ANY

Egypt 2002 632 2.7 9.8 3.5 7.0 .5 2.8 15.0 23.6
Oman 2001 171 3.5 4.1 .6 .6 .0 .0 .6 1.2
Qatar 2001 284 4.2 6.7 .4 1.1 .7 1.8 1.8 3.2

Median 284 3.5 6.7 .6 1.1 .5 1.8 1.8 3.2

EUR

Andorra 2000 3 .0 .0 .0 .0 .0 .0 .0 .0
Austria 2000 694 1.4 2.9 .3 .7 .1 .1 1.2 2.6
Belgium 2000 562 3.7 5.3 .4 1.6 .4 1.1 - -
Bosnia-Herzegovina 2000 993 .3 .5 .6 .7 .9 1.1 .2 .5
Croatia 2000 780 .8 1.0 .0 .1 .0 .0 .8 .9
Czech Republic 2000 616 1.6 3.4 .0 1.1 .2 .8 .8 2.0
Denmark 2000 392 2.8 7.4 .0 .5 .0 .8 4.3 8.7
Estonia 2000 410 5.1 22.9 .0 12.2 .0 13.2 5.6 22.4
Finland 2000 374 1.3 2.7 .5 .8 .0 .3 1.3 2.4
France 2000 947 .5 2.5 .0 .8 .8 2.1 5.9 6.4
Germany 2000 1743 1.7 3.8 .2 1.0 .3 1.0 2.2 4.1
Iceland 2000 8 .0 .0 .0 .0 .0 .0 .0 .0
Ireland 2000 136 2.2 2.9 .0 .7 .0 .0 .0 .0
Israel 2000 253 6.3 25.7 .4 14.6 1.2 9.9 4.0 22.1
Italy 2000 688 2.0 6.4 .4 1.6 .6 1.5 3.9 7.8
Kazakhstan 2001 359 3.1 42.6 .3 15.6 .8 24.8 9.7 51.5
Latvia 2000 897 6.6 29.0 .0 9.3 .2 6.2 2.5 24.4
Lithuania 2002 819 6.6 25.4 .4 9.8 .0 7.3 3.4 21.7
Luxemburg 2000 39 5.1 5.1 .0 .0 .0 .0 2.6 2.6
Malta 2000 9 .0 .0 .0 .0 .0 .0 .0 .0
Netherlands 2000 768 2.9 5.6 .1 .9 .1 .7 5.1 6.9
Norway 2000 160 4.4 13.1 .0 2.5 5.0 6.9 5.6 11.3
Poland 2001 3037 2.0 4.1 .3 1.4 .0 .6 1.7 3.4
Russian Fed. - Orel Oblast 2002 379 2.1 17.9 .0 2.6 .0 4.7 3.2 19.0
Russian Fed. - Tomsk Oblast 2002 533 2.4 29.1 .4 14.3 .0 4.3 7.7 34.1
Slovakia 2000 465 1.7 3.2 .2 1.5 .0 .2 .4 1.3
Slovenia 2000 282 1.4 2.1 .0 .0 .0 .0 .4 1.1
Spain-Barcelona 2001 133 3.8 6.0 .0 1.5 .0 .0 3.8 6.8
Spain-Galicia 2001 360 2.5 4.4 .0 1.4 .6 2.2 6.7 7.2
Sweden 2000 322 7.5 10.9 .0 1.2 .0 .6 .3 2.5
Switzerland 2000 330 5.5 5.5 .0 .0 .0 .0 - -
Turkmenistan. -Dashoguz 2001 105 5.7 15.2 .0 3.8 .0 1.9 15.2 24.8
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INH RMP EMB SMCOUNTRY/SETTING YEAR # PATIENTS
TESTED MONO ANY MONO ANY MONO ANY MONO ANY

U.K.- England, Wales, Northern
Ireland

2000 2312 4.0 6.0 .3 1.2 .0 .5 2.1 3.6

Uzbekistan - Karakalpakstan 2001 106 3.8 36.8 .0 13.2 .0 15.1 11.3 44.3
Yugoslavia-Belgrade 2000 249 1.2 1.6 1.6 2.0 .4 .8 1.6 2.4

Median 379 2.4 5.3 .0 1.2 .0 .8 2.5 4.1

SEAR

India-North Arcot 1999 282 12.8 23.4 .0 2.8 .4 4.6 3.5 12.4
India-Raichur District 1999 278 12.2 18.7 .0 2.5 .0 3.2 3.2 7.2
India-Wardha District 1999 197 10.7 15.2 .0 .5 .0 1.0 4.6 7.6
Nepal 2001 755 1.6 5.4 .3 1.7 .0 .9 5.2 8.9
Thailand 2001 1505 5.3 9.5 .3 1.4 .1 1.1 4.8 8.2

Median 282 10.7 15.2 .0 1.7 .0 1.1 4.6 8.2

WPR

Cambodia 2001 638 4.7 6.4 .5 .6 .0 .2 3.3 5.0
China-Henan 2001 1222 3.3 17.0 1.5 9.7 .8 4.3 10.1 22.2
China -  Hong Kong 2001 3470 2.3 5.5 .2 1.0 .0 .5 4.5 7.5
China-Hubei 1999 859 3.7 9.7 1.2 3.8 .1 .6 5.9 11.4
China-Liaoning 1999 818 5.4 25.3 .5 11.4 .2 3.8 15.5 34.1
Japan 1997 1374 2.0 4.4 .2 1.4 .1 .4 5.2 7.5
Mongolia 1999 405 4.4 15.3 .2 1.2 .0 1.7 13.6 24.2
New Zealand 2001 272 4.4 6.3 .0 .4 .4 .7 4.4 6.3
Singapore 2001 823 1.6 3.3 .0 .6 .1 .7 1.5 3.0

Median 823 3.7 6.4 .3 1.2 .1 .7 5.2 7.5

Overall Median 459 2.6 5.7 .2 1.4 .0 .8 3. 3 6.3
Overall Minimum 3 .0 .0 .0 .0 .0 .0 .0 .0
Overall Maximum 9751 12.8 42.6 3.5 15.6 5.0 24.8 15.5 51.5

* Not included in analysis or median calculations
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ANNEX 3: PREVALENCE (%) OF DRUG RESISTANCE AMONG PREVIOUSLY TREATED TB CASES, BY COUNTRY/GEOGRAPHICAL
SETTING AND WHO REGION (1999-2002)

OVERALL RESISTANCEa TO:COUNTRY/SETTING Year # PATIENTS
TESTED

Susceptible Resistance 1 DRUG 2 DRUGS 3+ DRUGS Poly-
Resistance

MDR

AFR
Botswana 2002 66 69.7 30.3 9.1 12.1 9.1 7.6 13.6
The Gambia 1999 15 100.0 .0 .0 .0 .0 .0 .0
South Africa-Eastern Cape 2001 283 82.3 17.7 7.4 7.4 2.8 2.8 7.8
South Africa-Free State 2001 174 90.8 9.2 6.3 2.3 .5 1.1 1.8
South Africa-Gauteng 2001 165 87.3 12.7 3.1 5.5 4.3 4.2 5.5
South Africa-Kwazulu-Natal 2001 207 81.6 18.4 8.2 4.3 5.8 2.4 7.7
South Africa-Limpopo 2001 88 83.0 17.0 9.0 4.5 3.4 1.1 7.0
South Africa-North West 2001 188 80.9 19.1 8.5 6.9 3.7 3.7 6.9
South Africa-Western Cape 2001 228 92.1 7.9 3.5 2.1 2.1 .4 3.9
**South Africa-
Mpumalanga

2001 175 76.6 23.4 6.9 5.2 11.5 2.9 13.7

Zambia 2000 44 84.1 15.9 11.4 4.5 .0 .0 2.3

Median 169 83.3 16.7 7.8 4.6 3.1 1.8 5.9

AMRO

Argentina 1999 149 77.2 22.8 10.1 3.4 5.4 3.4 9.4
Canada 2000 119 83.2 16.8 10.9 2.5 3.4 2.5 3.4
Cuba 2000 38 84.2 15.8 7.9 5.3 2.6 5.3 2.6
Ecuador 2002 133 52.6 47.4 16.5 18.8 12.0 6.0 24.8
El Salvador 2001 100 78.0 22.0 12.0 6.0 4.0 3.0 7.0
Honduras 2002 29 58.6 41.4 27.6 6.9 6.9 6.9 6.9
Puerto Rico 2000 4 75.0 25.0 .0 .0 25.0 .0 25.0
United States 2001 537 81.2 18.8 11.0 3.9 3.9 2.6 5.2
Venezuela 1998 104 69.2 30.8 11.5 7.7 11.5 5.8 13.5
**Chile 2001 291 74.9 25.1 16.0 4.3 4.7 4.3 4.8

Median 104 75.4 24.6 11.5 5.3 6.9 3.7 7.0

EMRO

                                                          
a Small differences may appear between the variable “overall resistance” and  “resistance to 1 drug+2 drugs+3drugs”, due to rounding.
**Not included in analysis or median calculations



97

OVERALL RESISTANCEa TO:COUNTRY/SETTING Year # PATIENTS
TESTED

Susceptible Resistance 1 DRUG 2 DRUGS 3+ DRUGS Poly-
Resistance

MDR

Egypt 2002 217 31.8 68.2 18.4 11.1 38.7 11.5 38.2
Oman 2001 12 41.7 58.3 .0 .0 58.3 .0 58.3

Median 114.5 36.7 63.3 9.2 5.5 48.5 5.8 48.3

EUR

Austria 2000 67 91.0 9.0 7.5 .0 1.5 .0 1.5
Belgium 2000 78 85.9 14.1 7.7 2.6 3.8 1.3 5.1
Bosnia Herzegovina 2000 153 86.9 13.1 8.5 2.6 2.0 2.6 2.0
Croatia 2000 99 93.9 6.1 5.1 .0 1.0 .0 1.0
Czech Rep 2000 22 86.4 13.6 4.5 4.5 4.5 0 9.1
Denmark 2000 33 72.7 27.3 3.0 21.2 3.0 21.2 3.0
Estonia 2000 117 41.9 58.1 10.3 4.3 43.6 2.6 45.3
Finland 2000 29 86.2 13.8 10.3 3.4 .0 .0 3.4
France 2000 82 72.0 28.0 13.4 9.8 4.9 6.1 8.5
Germany 2000 257 80.2 19.8 6.6 5.8 7.4 5.8 7.4
Iceland 2000 1 100.0 .0 .0 .0 .0 .0 .0
Ireland 2000 26 92.3 7.7 3.8 3.8 .0 .0 3.8
Israel 2000 24 58.3 41.7 16.7 4.2 20.8 4.2 20.8
Italy 2000 108 52.8 47.2 16.7 14.8 15.7 6.5 24.1
Kazakhstan 2001 319 17.9 82.1 8.2 11.6 62.4 17.6 56.4
Latvia 2000 247 61.9 38.1 6.5 5.7 25.9 4.5 27.1
Lithuania 2002 321 32.1 67.9 8.7 6.9 52.3 5.9 53.3
Luxemburg 2000 5 100.0 .0 .0 .0 .0 .0 .0
Malta 2000 1 100.0 .0 .0 .0 .0 .0 .0
Netherlands 2000 95 91.6 8.4 4.2 2.1 2.1 3.2 1.1
Norway 2000 10 90.0 10.0 10.0 .0 .0 .0 .0
Poland 2001 668 83.4 16.6 5.7 3.9 7.0 2.4 8.5
Russian Fed. - Orel Oblast 2002 210 26.7 73.3 7.1 13.3 52.9 23.8 42.4
Russian Fed. - Tomsk Oblast 2002 117 39.3 60.7 6.8 12.0 41.9 10.3 43.6
Slovakia 2000 110 86.4 13.6 10.0 2.7 .9 1.8 1.8
Slovenia 2000 38 89.5 10.5 7.9 .0 2.6 2.6 .0
Spain-Barcelona 2001 32 68.8 31.3 12.5 9.4 9.4 6.3 12.5
Spain-Galicia 2001 40 77.5 22.5 10.0 2.5 10.0 5.0 7.5
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OVERALL RESISTANCEa TO:COUNTRY/SETTING Year # PATIENTS
TESTED

Susceptible Resistance 1 DRUG 2 DRUGS 3+ DRUGS Poly-
Resistance

MDR

Sweden 2000 42 92.9 7.1 4.8 2.4 .0 .0 2.4
Switzerland 2000 57 94.7 5.3 3.5 1.8 .0 .0 1.8
Turkmenistan - Dashoguz 2001 98 37.8 62.2 23.5 14.3 24.5 20.4 18.4
U.K.- England, Wales,
Northern Ireland

2000 237 84.8 15.2 8.4 3.4 3.3 2.5 4.2

Uzbekistan - Karakalpakstan 2001 107 20.6 79.4 17.8 17.8 43.9 21.5 40.2
Yugoslavia, Belgrade 2000 30 83.3 16.7 13.3 3.3 .0 3.3 .0

Median 78 84.1 15.9 7.8 3.6 3.9 2.6 4.7

SEAR

Nepal 2001 171 59.1 40.9 12.9 11.7 16.4 7.6 20.5
Thailand 2001 172 61.0 39.0 11.6 9.9 17.4 7.0 20.3
Median 171.5 60.1 39.9 12.2 10.8 16.9 7.3 20.4

WPR

Cambodia 2001 96 82.3 17.7 10.4 5.2 2.1 4.2 3.1
China-Henan 2001 265 39.2 60.8 14.3 15.5 30.9 9.8 36.6
China - Hong Kong 2001 169 76.9 23.1 8.9 3.6 10.7 3.0 11.2
China-Hubei 1999 238 55.5 44.5 13.4 16.4 14.7 9.2 21.8
China-Liaoning 1999 86 44.2 55.8 15.1 20.9 19.8 16.3 24.4
Japan 1997 264 57.6 42.4 15.2 10.2 17.0 7.6 19.7
New Zealand 2001 22 90.9 9.1 4.5 4.5 .0 4.5 .0
Singapore 2001 126 88.1 11.9 9.5 1.6 .8 1.6 .8
Median 147.5 67.2 32.8 11.9 7.7 12.7 6.1 15.5

Overall Median 100 81.6 18.4 8.7 4.5 4.5 3.2 7.0
Overall Minimum 1 17.9 0 0 0 0 0 0
Overall Maximum 668 100 82.1 27.6 21.2 62.4 23.8 58.3
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ANNEX 4: PREVALENCE (%) OF DRUG RESISTANCE AGAINST SPECIFIC DRUGS AMONG PREVIOUSLY TREATED TB CASES, BY
COUNTRY/GEOGRAPHICAL SETTING AND WHO REGION (1999-2002)

INH RMP EMB SMCOUNTRY/SETTING YEAR # PATIENTS
TESTED MONO ANY MONO ANY MONO ANY MONO ANY

AFR
Botswana 2002 66 .0 18.2 .0 16.7 4.5 10.6 4.5 18.2
The Gambia 1999 15 .0 .0 .0 .0 .0 .0 .0 .0
South Africa-Eastern Cape 2001 283 3.2 13.4 .4 7.8 .0 1.4 3.9 8.8
South Africa-Free State 2001 174 4.0 6.9 1.1 2.9 .0 .6 1.1 2.9
South Africa-Gauteng 2001 165 .6 9.7 .0 6.1 .0 4.8 2.4 7.9
South Africa-Kwazulu-Natal 2001 207 4.3 14.5 1.0 8.7 .5 2.4 2.4 10.6
South Africa-Limpopo 2001 88 4.5 12.5 3.4 10.2 .0 2.3 1.1 3.4
South Africa-North West 2001 188 .5 11.2 2.7 9.6 .0 1.1 5.3 12.2
South Africa-Western Cape 2001 228 2.2 6.6 .0 3.9 .0 1.3 1.3 3.5
Zambia 2000 44 4.5 6.8 .0 2.3 2.3 2.3 4.5 4.5
* *South Africa- Mpumalanga 2001 175 2.3 18.9 2.3 16.0 .0 9.1 2.3 14.3

Median 168.5 2. 8 10.1 .2 7.0 .0 1.9 2.4 6.3

AMR

Argentina 1999 149 4.0 16.1 .0 10.1 .7 6.7 5.4 16.1
Canada 2000 119 6.7 12.6 .8 4.2 .0 3.4 3.4 6.7
Cuba 2000 38 .0 7.9 .0 2.6 .0 2.6 7.9 15.8
Ecuador 2002 133 3.8 33.8 9.8 35.3 .0 5.3 3.0 18.8
El Salvador 2001 100 3.0 12.0 5.0 13.0 1.0 3.0 3.0 9.0
Honduras 2002 29 6.9 17.2 6.9 17.2 .0 3.4 13.8 27.6
Puerto Rico 2000 4 .0 25.0 .0 25.0 .0 25.0 .0 25.0
United States of America 2001 537 6.5 14.0 1.1 6.5 .2 3.5 3.2 8.6
Venezuela 1998 104 5.8 23.1 2.9 18.3 .0 7.7 2.9 15.4
**Chile 2001 291 5.2 21.6 2.6 9.5 .0 4.3 5.1 22.5

Median 104 4.5 16.4 1.1 13.0 .0 3.5 3.2 15.8

EMR

Egypt 2002 217 2.8 46.5 6.9 50.7 .9 30.9 7.8 53.9
Oman 2001 12 .0 58.3 .0 58.3 .0 25.0 .0 58.3
Median 114.5 1.4 52.4 3.5 54.5 .5 27.9 3.9 56.1
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INH RMP EMB SMCOUNTRY/SETTING YEAR # PATIENTS
TESTED MONO ANY MONO ANY MONO ANY MONO ANY

EURO

     .      .       .      .       .      .       .      .
Austria 2000 67 1.5 3.0 .0 1.5 .0 .0 6.0 7.5
Belgium 2000 78 6.4 12.8 1.3 6.4 .0 5.1 - -
Bosnia-Herzegovina 2000 153 1.3 3.3 2.6 5.9 3.3 6.5 1.3 5.2
Croatia 2000 99 3.0 4.0 2.0 3.0 .0 1.0 .0 1.0
Czech Republic 2000 22 .0 9.1 4.5 13.6 .0 4.5 .0 4.6
Denmark 2000 33 .0 24.2 .0 3.0 .0 3.0 3.0 24.2
Estonia 2000 117 6.8 54.7 .0 45.3 .0 41.9 3.4 48.7
Finland 2000 29 10.3 13.8 .0 3.4 .0 .0 .0 .0
France 2000 82 4.9 18.3 1.2 11.0 1.2 2.4 6.1 15.9
Germany 2000 257 4.3 17.1 .4 8.2 .0 5.4 1.9 13.6
Iceland 2000 1 .0 .0 .0 .0 .0 .0 .0 .0
Ireland 2000 26 .0 3.8 .0 3.8 .0 .0 3.8 3.8
Israel 2000 24 12.5 37.5 .0 20.8 .0 8.3 4.2 29.2
Italy 2000 108 5.6 36.1 5.6 29.6 .9 11.1 4.6 23.1
Kazakhstan 2001 319 .9 67.7 .3 61.4 1.3 54.2 5.6 77.1
Latvia 2000 247 3.6 35.2 .0 27.1 .0 15.0 2.8 32.8
Lithuania 2002 321 6.2 65.4 .0 53.3 .0 38.0 2.5 58.6
Luxemburg 2000 5 .0 .0 .0 .0 .0 .0 .0 .0
Malta 2000 1 .0 .0 .0 .0 .0 .0 .0 .0
Netherlands 2000 95 4.2 9.8 .0 1.1 .0 2.1 .0 4.2
Norway 2000 10 .0 .0 .0 .0 .0 .0 10.0 10.0
Poland 2001 668 3.4 14.4 .4 9.0 .0 3.3 1.8 10.0
Russian Fed. - Orel Oblast 2002 210 4.8 71.0 .0 42.4 .5 43.8 1.9 66.2
Russian Fed. - Tomsk Oblast 2002 117 .0 51.3 1.7 47.9 .0 13.7 5.1 57.3
Slovakia 2000 110 7.3 10.9 .0 1.8 .0 .9 2.7 5.5
Slovenia 2000 38 5.3 7.9 .0 .0 .0 2.6 2.6 5.3
Spain-Barcelona 2001 32 9.4 28.1 .0 12.5 .0 9.4 3.1 18.8
Spain-Galicia 2001 40 5.0 17.5 .0 7.5 .0 7.5 5.0 17.5
Sweden 2000 42 2.4 4.8 .0 2.4 .0 .0 2.4 2.4
Switzerland 2000 57 1.8 3.5 1.8 3.5 .0 .0 - -
Turkmenistan. -Dashoguz 2001 98 9.2 48.0 1.0 19.4 .0 15.3 13.3 51.0
U.K.- England, Wales, Northern
Ireland

2000 237 3.8 10.5 1.3 5.5 .0 2.1 3.4 8.0

Uzbekistan - Karakalpakstan 2001 107 7.5 69.2 .0 40.2 .0 34.6 10.3 71.0
Yugoslavia-Belgrade 2000 30 6.7 10.0 .0 .0 6.7 6.7 .0 3.3
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INH RMP EMB SMCOUNTRY/SETTING YEAR # PATIENTS
TESTED MONO ANY MONO ANY MONO ANY MONO ANY

Median 78 4.0 13.3 .0 6.1 .0 3.9 2.8 10.0

SEAR

Nepal 2001 171 5.3 33.3 .0 20.5 .0 9.9 7.6 31.0
Thailand 2001 172 4.1 30.8 1.7 22.7 .6 15.1 5.2 24.4
Median 171.5 4.7 32.1 .9 21.6 .3 12.5 6.4 27.7

WPR

Cambodia 2001 96 9.4 16.7 .0 3.1 .0 .0 1.0 7.3
China-Henan 2001 265 4.2 47.2 3.0 42.6 1.5 18.1 5.7 43.0
China - Hong Kong 2001 169 4.7 18.9 .0 11.2 .0 5.9 4.1 17.8
China-Hubei 1999 238 5.5 33.2 1.7 26.9 .0 8.8 6.3 25.6
China-Liaoning 1999 86 2.3 41.9 3.5 29.1 .0 14.0 9.3 41.9
Japan 1997 264 6.8 33.0 .8 21.6 .0 15.2 7.6 24.2
New Zealand 2001 22 .0 4.5 .0 .0 .0 .0 4.5 9.1
Singapore 2001 126 4.0 6.3 1.6 2.4 .0 .8 4.0 5.6

Median 147.5 4.4 25.9 1.2 16.4 .0 7.4 5.1 21.0

Overall Median 100 4.0 14.4 .0 8.7 .0 3.5 3.2 11.4
Overall Minimum 1 0 0 .0 0 .0 .0 .0 0
Overall Maximum 668 12.5 71.0 9.8 61.4 6.7 54.2 13.8 77.1

**Not included in analysis or median calculations
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ANNEX 5: PREVALENCE (%) OF DRUG RESISTANCE AMONG COMBINED TB CASES, BY COUNTRY/GEOGRAPHICAL SETTING AND
WHO REGION (1999-2002)

OVERALL RESISTANCE TO:COUNTRY/SETTING YEAR # Patients
tested Susceptibility Resistance 1 Drug 2 Drugs 3+ Drugs

Poly-Resistance MDR

AFR
Botswana 2002 * 84.5 15.5 9.0 4.5 2.1 3.9 2.7
The Gambia 1999 * 95.9 4.1 3.7 .5 .0 .0 .5
RDC, Kinshasa 1999 710 61.0 39.0 18.5 11.7 8.9 14.8 5.8
South Africa – Eastern Cape 2002 * 86.6 13.4 7.7 4.3 1.3 2.5 3.1
South Africa-Free State 2001 * 91.3 8.7 5.7 1.7 1.3 1.3 1.8
South Africa- Gauteng 2001 * 92.4 7.6 3.9 2.2 1.5 1.7 2.0
South Africa- Kwazulu-Natal 2001 * 90.3 8.7 4.5 1.6 2.6 1.4 2.8
South Africa-Limpopo 2001 * 91.0 9.0 4.1 2.8 2.1 1.7 3.3
South Africa-North West 2001 * 89.1 9.9 5.1 2.7 2.0 1.8 3.0
South Africa-Western Cape 2001 * 93.6 6.4 3.2 2.3 .9 1.2 1.9
Zambia 2000 * 88.1 11.9 9.1 2.0 .8 1.0 1.8
**South Africa-Mpumalanga 2001 * 88.8 11.2 5.7 2.5 2.9 1.5 4.0

Median 91.0 9.0 5.1 2.3 1.4 1.7 2.7

AMR

Argentina 1999 * 87.6 12.4 8.0 1.6 2.8 1.3 3.1
Canada 2000 1363 90.8 9.2 6.3 1.9 1.0 1.9 1.0
Cuba 2000 * 93.9 6.1 4.1 1.7 .2 1.5 .5
Ecuador 2002 * 73.8 26.2 13.4 9.6 3.3 4.1 8.7
El Salvador 2001 * 93.0 7.0 5.5 1.2 .3 .7 1.8
Honduras 2002 * 82.0 18.0 11.8 4.8 1.4 4.2 2.0
Puerto Rico 2000 139 91.4 8.6 7.2 .7 .7 .7 .7
United States 2001 10288 87.0 13.0 8.9 2.8 1.2 2.7 1.4
Venezuela 1998 * 90.4 9.6 5.5 2.7 1.4 2.4 1.7
**Chile 2001 * 86.3 13.7 9.4 2.9 1.4 2.9 1.4

Median 90.4 9.6 7.2 1.9 1.2 1.9 1.4

EMR

Egypt 2002 * 63.9 36.1 21.2 7.2 7.8 7.4 7.5
Oman 2001 183 91.3 8.7 4.4 .5 3.8 .5 3.8

Median 77.5 24.4 12.8 3.9 5.8 3.9 5.8
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OVERALL RESISTANCE TO:COUNTRY/SETTING YEAR # Patients
tested Susceptibility Resistance 1 Drug 2 Drugs 3+ Drugs

Poly-Resistance MDR

EUR

Andorra 2000 3 100.0 .0 .0 .0 .0 .0 .0
Austria 2000 761 95.1 4.9 3.4 .9 .5 .9 .5
Belgium 2000 730 92.9 7.1 4.9 1.5 .7 .7 1.5
Bosnia Herzegovina 2000 1153 96.0 4.0 2.9 .7 .3 .6 .4
Croatia 2000 879 97.7 2.3 1.9 .2 .1 .1 .2
Czech Republic 2000 584 95.30 5.0 2.7 1.4 .9 .7 1.5
Denmark 2000 425 86.8 13.2 6.8 5.9 .5 5.9 .5
Estonia 2000 527 64.9 35.1 10.6 4.4 20.1 4.9 19.5
Finland 2000 437 95.0 5.0 3.7 1.1 .2 .9 .5
France 2000 1191 89.1 10.9 8.1 2.1 .8 1.6 1.3
Germany 2000 2780 91.4 8.6 4.8 2.0 1.8 2.1 1.7
Iceland 2000 9 100.0 .0 .0 .0 .0 .0 .0
Ireland 2000 216 96.8 3.2 1.9 1.4 .0 .0 1.4
Israel 2000 281 68.0 32.0 12.5 4.6 14.9 5.0 14.6
Italy 2000 * 85.3 14.7 7.9 4.4 2.4 3.5 3.3
Kazakhstan 2001 * 36.7 63.3 12.5 16.3 34.5 26.1 24.7
Latvia 2000 1144 67.0 33.0 8.7 10.8 13.6 11.3 13.1
Lithuania 2002 1140 59.9 40.1 9.9 8.4 27.6 9.3 27.8
Luxembourg 2000 44 93.2 6.8 6.8 .0 .0 .0 .0
Malta 2000 10 100.0 .0 .0 .0 .0 .0 .0
Netherlands 2000 842 89.4 10.6 7.8 2.1 .6 2.3 .5
Norway 2000 170 76.5 23.5 14.7 8.8 .0 7.1 1.8
Poland 2001 3705 92.0 8.0 4.3 1.8 1.9 1.2 2.5
Russian Fed. - Orel Oblast 2002 589 60.3 39.7 5.9 11.0 22.8 17.0 16.8
Russian Fed. -Tomsk Oblast 2002 650 58.5 41.5 9.8 13.1 18.6 12.6 19.1
Slovakia 2000 575 94.1 5.9 3.8 1.6 .5 .9 1.2
Slovenia 2000 320 96.6 3.4 2.5 .6 .3 .9 .0
Spain-Barcelona 2001 * 87.1 12.9 8.1 2.1 1.8 2.7 2.1
Spain-Galicia 2001 * 87.3 12.7 9.8 .8 2.4 1.0 2.0
Sweden 2000 365 89.3 10.7 7.4 2.7 .5 1.9 1.4
Switzerland 2000 492 94.9 5.1 4.7 .4 .0 .0 .4
Turkmenistan - Dashoguz 2001 * 52.5 47.5 22.3 9.9 15.3 13.6 11.6
U.K.- England, Wales,
Northern Ireland

2000 3004 91.0 9.0 6.5 1.4 1.0 1.2 1.2

U.K.-Scotland 2000 302 96.0 4.0 4.0 .0 .0 .0 .0
Uzbekistan - Karakalpakstan 2001 * 36.1 63.9 16.4 15.5 31.9 20.7 26.8
Yugoslavia-Belgrade 2000 279 93.2 6.8 5.7 .7 .4 .7 .4
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OVERALL RESISTANCE TO:COUNTRY/SETTING YEAR # Patients
tested Susceptibility Resistance 1 Drug 2 Drugs 3+ Drugs

Poly-Resistance MDR

Median 91.2 8.8 6.2 1.7 .6 1.2 1.3

SEAR

Nepal 2001 * 84.3 15.7 7.9 4.2 3.5 3.4 4.3
Thailand 2001 * 82.7 17.3 10.6 4.1 2.6 3.8 2.9

Median 83.5 16.5 9.3 4.2 3.1 3.6 3.6

WPR

Australia 2000 766 89.7 10.3 7.7 2.1 .5 1.6 1.0
Cambodia 2001 * 89.3 10.7 8.6 2.1 .1 2.0 .2
China -Hubei 1999 * 75.8 24.2 11.6 7.9 4.7 5.6 7.0
China - Liaoning 1999 * 56.4 44.6 21.4 12.5 11.6 11.2 13.0
China - Henan 2001 * 67.7 32.3 15.5 7.9 8.9 6.7 10.1
China - Hong Kong 2001 3639 89.2 10.8 7.1 2.5 1.3 2.5 1.3
Japan 1997 * 87.9 12.1 7.0 2.6 2.5 2.7 2.0
New Zealand 2001 294 88.8 11.2 8.8 2.4 .0 2.4 .0
Singapore 2001 949 94.1 5.9 4.0 1.3 .6 1.4 .5

Median 88.8 11.1 8.8 2.7 1.3 2.4 1.6

Overall Median NA 89.6 10.4 6.9 2.3 1.3 1.8 1.7
Overall Minimum NA 31.1 0 0 0 0 0 0
Overall Maximum NA 100.0 63.9 22.4 15.5 42.8 23.6 26.8

*Combined estimates were calculated through a direct standardization method
**Not included in analysis or median calculations
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ANNEX 6: PREVALENCE (%) OF DRUG RESISTANCE AGAINST SPECIFIC DRUGS AMONG COMBINED TB CASES, BY
COUNTRY/GEOGRAPHICAL SETTING AND WHO REGION (1999-2002)

INH RMP EMB SM
COUNTRY/SETTING YEAR

#
PATIENTS
TESTED MONO ANY MONO ANY MONO ANY MONO ANY

AFR
Botswana 2002 * 1.7 6.6 1.1 4.7 .9 2.7 5.2 10.2
The Gambia 1999 * 1.8 2.3 .5 .9 .0 .0 1.4 1.4
RDC - Kinshasa 1999 710 4.4 23.0 .1 6.2 5.1 15.4 8.9 28.2
South Africa -Eastern Cape 2001 * 3.6 9.2 .2 3.4 .0 .9 3.9 7.4
South Africa -Free State 2001 * 3.5 6.5 .8 2.5 .0 .6 1.5 3.7
South Africa -Gauteng 2001 * 1.7 5.3 .3 2.4 .0 1.1 2.0 4.5
South Africa -Kwazulu-Natal 2001 * 2.9 7.0 .3 3.1 .1 1.1 1.3 5.1
South Africa -Limpopo 2001 * 1.9 6.9 .6 3.9 .0 2.2 1.5 3.9
South Africa -North West 2001 * 1.9 6.8 1.8 3.8 .0 1.2 2.3 5.7
South Africa -Western Cape 2001 * 2.4 5.6 .0 1.9 .0 .4 .7 2.7
Zambia 2000 * 3.5 6.3 .0 1.8 .8 2.0 4.5 5.3
**South Africa-Mpumalanga 2001 * 3.0 8.5 .8 4.8 .0 2.0 1.9 5.4

Median 2.4 6.6 .5 3.4 .0 1.2 2.0 5.3

AMR

Argentina 1999 * 1.8 6.0 .1 3.4 1.0 3.1 5.1 8.9
Canada 2000 1363 4.5 7.3 .1 1.2 .2 1.2 1.5 3.7
Cuba 2000 * .2 1.7 .0 1.0 .0 .2 3.9 5.5
Ecuador 2002 * 4.7 16.3 3.2 13.1 .2 1.3 5.3 11.8
El Salvador 2001 * .7 2.1 1.1 2.1 .4 .5 3.3 4.2
Honduras 2002 * 1.4 6.9 1.2 2.9 .0 1.3 10.2 15.2
Puerto Rico 2000 139 2.9 4.3 .7 1.4 .7 1.4 2.9 4.3
United States 2001 10288 4.1 8.0 .3 1.7 .4 1.7 4.1 7.4
Venezuela 1998 * 2.1 5.6 .6 2.6 .1 1.6 2.7 5.6
**Chile 2001 * 2.1 7.5 .5 2.2 .0 .9 6.8 11.9

Median 2.0 6.5 .2 2.4 .2 1.3 4.0 6.5

EMRO

Egypt 2002 * 2.7 15.2 4.0 13.4 .5 7.0 14.0 28.1
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INH RMP EMB SM
COUNTRY/SETTING YEAR

#
PATIENTS
TESTED MONO ANY MONO ANY MONO ANY MONO ANY

Oman 2001 183 3.3 7.7 .5 4.4 .0 1.6 .5 4.9

Median 3.0 11.6 2.3 8.9 .3 4.3 7.3 16.5

EUR

Andorra 2000 3 .0 .0 .0 .0 .0 .0 .0 .0
Austria 2000 761 1.4 2.9 .3 .8 .1 .1 1.6 3.0
Belgium 2000 730 4.2 6.4 .4 1.9 .3 1.6 - -
Bosnia Herzegovina 2000 1153 .4 1.0 .9 1.5 1.2 1.8 .4 1.3
Croatia 2000 879 1.0 1.4 .2 .5 .0 .1 .7 .9
Czech Republic 2000 584 1.5 3.8 .2 1.7 .2 1.0 .9 2.2
Denmark 2000 425 2.6 8.7 .0 .7 .0 .9 4.2 9.9
Estonia 2000 527 5.5 30.0 .0 19.5 .0 19.5 5.1 28.3
Finland 2000 437 2.1 3.4 .5 .9 .0 .2 1.1 2.1
France 2000 1191 1.0 3.8 .2 1.5 .8 1.9 6.0 7.4
Germany 2000 2780 2.2 6.0 .2 1.9 .2 1.5 2.2 5.4
Iceland 2000 9 .0 .0 .0 .0 .0 .0 .0 .0
Ireland 2000 216 1.4 2.8 .0 1.4 .0 .0 .5 .5
Israel 2000 281 6.8 26.3 .4 14.9 1.4 10.0 3.9 22.4
Italy 2000 * 2.4 9.2 .9 4.3 .6 2.4 4.0 9.3
Kazakhstan 2001 * 2.5 58.8 .3 27.0 .9 32.1 8.7 57.9
Latvia 2000 1144 5.9 30.3 .0 13.1 .2 8.1 2.5 26.2
Lithuania 2002 1140 6.5 36.7 .3 22.0 .0 16.0 3.2 32.1
Luxembourg 2000 44 4.5 4.5 .0 .0 .0 .0 2.3 2.3
Malta 2000 10 .0 .0 .0 .0 .0 .0 .0 .0
Netherlands 2000 842 3.1 5.8 .1 .6 .1 .8 4.5 6.9
Norway 2000 170 4.1 12.4 .0 2.4 4.7 6.5 5.9 11.2
Poland 2001 3705 2.3 6.0 .3 2.8 .0 1.1 1.7 4.6
Russian Fed. - Orel Oblast 2002 589 3.1 36.8 .0 16.8 .2 18.7 2.7 35.8
Russian Fed. Tomsk Oblast 2002 650 2.0 33.1 .6 20.3 .0 6.0 7.2 38.3
Slovakia 2000 575 2.8 4.7 .2 1.6 .0 .3 .9 2.1
Slovenia 2000 320 1.9 2.8 .0 .0 .0 .3 .6 1.6
Spain-Barcelona 2001 * 4.4 8.5 .0 2.8 .0 1.1 3.7 8.1
Spain-Galicia 2001 * 2.8 5.8 .0 2.0 .5 2.8 6.5 8.3
Sweden 2000 365 6.8 10.1 .0 1.4 .0 .5 .5 2.5
Switzerland 2000 492 4.5 4.9 .2 .6 .0 .0 - -
Turkmenistan - Dashoguz 2001 * 7.6 32.8 .5 12.2 .0 9.1 14.2 38.9
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INH RMP EMB SM
COUNTRY/SETTING YEAR

#
PATIENTS
TESTED MONO ANY MONO ANY MONO ANY MONO ANY

U.K.-Scotland 2000 302 3.6 3.6 .0 .0 .0 .0 .3 .3
U.K.- England, Wales,
Northern Ireland

2000 3004 4.0 6.4 .4 1.6 ..0 .6 2.2 4.0

Uzbekistan - Karakalpakstan 2001 * 5.6 53.1 .0 26.8 .0 24.9 10.8 57.8
Yugoslavia - Belgrade 2000 279 1.8 2.5 1.4 1.8 1.1 1.4 1.4 2.5

Median 2.7 6.0 .2 1.6 .0 1.1 2.3 5.0

SEAR

Nepal 2001 * 2.2 9.8 .2 4.7 .0 2.3 5.5 12.4
Thailand 2001 * 5.2 11.7 .5 3.6 .1 2.6 4.8 9.9

Median 3.7 10.8 .4 4.2 .1 2.5 5.2 11.2

WPRO

Australia 2000 766 7.4 10.1 .3 1.3 .0 .9 .0 1.2
Cambodia 2001 * 5.0 7.0 .4 .8 .0 .1 3.2 5.1
China - Hubei 1999 * 4.2 15.5 1.3 9.6 .1 2.6 6.0 14.9
China - Liaoning 1999 * 4.8 28.3 .1 14.6 .2 5.7 14.4 35.5
China - Henan 2001 * 3.3 19.4 1.6 12.3 .9 5.4 9.7 23.8
China - Hong Kong 2001 3639 2.4 6.1 .2 1.4 .0 .8 4.5 8.0
Japan 1997 * 2.3 6.0 .1 2.6 .1 1.3 5.6 8.5
New Zealand 2001 294 4.1 6.1 .0 .3 .3 .7 4.4 6.5
Singapore 2001 949 1.9 3.7 .2 .8 .1 .7 1.8 3.4

Median 4.1 8.6 .3 1.7 .1 .8 4.5 8.0

Overall Median NA 2.7 6.6 .2 2.2 0.1 1.3 3.1 5.8
Overall Minimum NA .0 .0 .0 .0 .0 .0 .0 .0
Overall Maximum NA 7.7 58.8 4.4 27.0 5.1 32.1 14.9 57.9

*Combined estimates were calculated through a direct standardization method.
**Not included in analysis or median calculations
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ANNEX 7: TRENDS OF RESISTANCE (%) AGAINST ANY TB DRUG AMONG NEW TB CASES IN 26 COUNTRIES/SETTINGS (1994-2002)

COUNTRY YEARS OF OBSERVATION P-value

1994 1995 1996 1997 1998 1999 2000 2001 2002
Botswana       .     3.7      .       .       .     6.3      .       .     10.4 <0.0001
Canada       .       .       .      9.8     9.4     9.5     8.5      .       . ns
China, Hong Kong      .       .     12.2    11.8    12.0    12.8    11.5    10.2      . 0.023
Cuba       .      8.3      .       .      4.6     .      5.0      .      . 0.017
Czech Republic      .      2.0      .       .       .      2.7   4.4      .       . ns
Denmark       .       .       .       .     13.1    15.3    12.0      .       . ns
Estonia 28.2      .       .       .     36.9    33.4    28.5      .       . ns
Finland       .       .       .      4.9      .      2.2     4.5      .       . ns
France       .     8.2  9.3 .     9.2      9.3       . ns
Germany       .       .       .       .      8.9     6.9     6.6      .       . 0.016
Lithuania      .       .       .       .       .     28.1    27.7      .     29.2 ns
Latvia       .     34.0      .     29.9    30.8    31.7      .       . ns
Nepal       .      9.8      .       .     13.3      .     11.0      . ns
Netherlands      .       .     10.3     .      .      8.8    10.7      .       . ns
New Zealand      .      5.6     4.4    13.0   12.9     8.3    13.4    11.4      . 0.015
Norway       .       .     10.9      .       .     16.0    24.4      .       . 0.006
Oman       .       .       .       .      4.5      .      8.7     5.3      . ns
Puerto Rico 10.0      .       .     11.3     9.5     7.2     8.1    12.0      . ns
Russian Fed., Tomsk Oblast      .       .       .       .     29.0      .     35.3    36.8    37.3 0.005
Slovakia       .       .       .       .      2.7     2.9     4.1      .       . ns
Slovenia       .       .       .      2.4      .      3.0     2.5      .       . ns
Spain, Barcelona      .      9.6      .      3.5      .      6.3     8.9    10.5      . ns
Sweden       .       .       .      7.9      .     11.7    11.2      .       . ns
Switzerland      .       .       .      3.1      .      6.1     5.5      .       . ns
U.K.- England, Wales,
Northern Irelanda      .      6.8      .      7.1      .      8.7     8.4      .       . ----

United States      .     12.3      .     12.0    12.3    11.6    12.7    12.7      . ns

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
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ANNEX 8: TRENDS OF MDR (%) AMONG NEW TB CASES IN 26 COUNTRIES/SETTINGS (1994-2002
COUNTRY YEARS OF OBSERVATION P-value

1994 1995  1996 1997 1998  1999 2000 2001  2002
Botswana . .2 . . . .5 . . .8 ns
Canada . . . .8 .6 .6 .7 . . ns
China, Hong Kong . . 1.4 1.1 1.3 1.0 1.1 .8 . 0.01
Cuba . .7 . . .0 . .3 . . -
Czech Republic . 1.0 . . . .3 1.1 . . ns
Denmark . . . . .5 .0 .3 . . -
Estonia 10.2 . . . 14.1 17.5 12.2 . . ns
Finland . . . .0 . .0 .3 . . -
France . .5 . .0 . . .8 . . -
Germany . . . . .9 .7 .8 . . ns
Latvia . . 14.4 . 9.0 10.4 9.3 . . 0.032
Lithuania . . . . . 7.8 8.7 . 9.4 ns
Nepal . . 1.1 . . 3.7 . 1.3 . ns
Netherlands . . .6 . . .4 .9 . . ns
New Zealand . 1.4 .0 .8 1.3 .9 .4 .0 . -
Norway . . 2.2 . . 2.1 1.9 . . ns
Oman . . . . .8 . 3.5 .0 . -
Puerto Rico 1.9 . . 2.5 1.6 .0 .0 2.0 . -
Russian Fed., Tomsk Oblast . . . . 6.5 . 8.6 10.7 13.7 0.0001
Spain, Barcelona . .5 . .3 . .0 2.2 .8 . -
Slovakia . . . . .3 .7 1.1 . . ns
Slovenia . . . .7 . .0 .0 . . -
Sweden . . . .6 . .8 1.2 . . ns
Switzerland . . . .0 . .7 .0 . . -
U.K.- England, Wales,
Northern Irelanda . 1.1 . .8 . .5 .9 . . ---

United States . 1.6 . 1.2 1.1 1.1 1.2 1.1 . 0.0002

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
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ANNEX 9: TRENDS OF ANY INH RESISTANCE (%) AMONG NEW TB CASES IN 26 COUNTRIES/SETTINGS (1994-2002)
COUNTRY YEARS OF OBSERVATION P-value

 1994 1995  1996 1997 1998  1999 2000 2001  2002
Botswana . 1.5 . . . 4.4 . . 4.5 0.012
Canada . . . 7.2 7.2 7.7 6.8 . . ns
China, Hong Kong . . 6.1 5.8 6.9 5.9 6.2 5.5 . ns
Cuba . 2.0 . . .7 . 1.1 . . ns
Czech Republic . 2.0 . . . 1.6 3.4 . . ns
Denmark . . . . 6.1 7.4 7.4 . . ns
Estonia 21.1 . . . 26.0 27.3 22.9 . . ns
Finland . . . 4.6 . .5 2.7 . . 0.02
France . 3.4 . 3.6 . 3.4 2.5 . . ns
Germany . . . . 5.7 4.3 3.8 . . 0.013
Latvia . . 31.7 . 28.1 27.8 29.0 . . ns
Lithuania . . . . . 21.7 21.8 . 25.4 ns
Nepal . . 5.6 . . 7.6 . 5.4 . ns
Netherlands . . 6.2 . . 5.8 5.6 . . ns
New Zealand . 4.2 4.4 10.6 11.6 5.7 8.7 6.3 . ns
Norway . . 8.0 . . 7.6. 13.1. . . ns
Oman . . . . 3.0 . 5.8 4.1 . ns
Puerto Rico 6.8 . . 6.9 8.7 1.2 3.7 8.0 . ns
Russian Fed., Tomsk Oblast . . . . 19.4 . 24.4 28.2 29.1 0.0002
Slovakia . . . . 2.0 1.8 3.2 . . ns
Slovenia . . . 1.0 . 2.3 2.1 . . ns
Spain, Barcelona . 3.2 . 2.2 . 3.9 5.9 . . ns
Sweden . . . 5.6 . 9.3 10.9 . . 0.02
Switzerland . . . 2.8 . 5.6 5.5 . . ns
U.K.- England, Wales,
Northern Irelanda . 5.5 . 5 . 6.2 6 . . ---

United States . 7.8 . 8.0 8.3 7.6 8.1 7.7 . ns

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
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ANNEX 10: TRENDS OF ANY RIFAMPICIN RESISTANCE (%) AMONG NEW TB CASES IN 26 COUNTRIES/SETTINGS (1994-2002)

COUNTRY YEARS OF OBSERVATION P-value

 1994 1995  1996 1997 1998  1999 2000 2001  2002
Botswana . 1.0 . . . .6 . . 2.0 ns
Canada . . . .9 .6 .8 .8. . . ns
China, Hong Kong . . 1.6 1.4 1.4 1.3 1.2 1.0 . 0.01
Cuba . .9 . . .0 . .8 . . -
Czech Republic . 1.0 . . . .8 1.1 . . ns
Denmark . . . . .5 .3 .5 . . ns
Estonia 10.2 . . . 14.3 17.8 12.2 . . ns
Finland . . . .0 . .0 .8 . . -
France . .7 . .3 . .8 .8 . . ns
Germany . . . . 1.4 1.0 1.0 . . ns
Latvia . . 14.7 . 9.0 10.4 9.3 . . 0.02
Lithuania . . . . . 10.1 9.6 . 9.8 ns
Nepal . . 1.7 . . 3.7 . 1.7 . ns
Netherlands . . 1.1 . . .8 .9 . . ns
New Zealand . 1.4 .0 .8 1.3 1.3 .4 .4 . -
Norway . . 2.2 . . 2.1 2.5 . . ns
Oman . . . . 1.5 . 3.5 .6 . ns
Puerto Rico 2.7 . . 3.1 1.6 .6 .7 3.0 . ns
Russian Fed., Tomsk Oblast . . . . 7.9 . 10.3 11.8 14.3 0.001
Slovakia . . . . .3 1.1 1.5 . . 0.04
Slovenia . . . .7 . .0 .0 . . -
Spain, Barcelona . .9 . .3 . .8 2.2 1.5 . ns
Sweden . . . .6 . 1.3 1.2 . . ns
Switzerland . . . .0 . .9 .0 . . -
U.K.- England, Wales,
Northern Irelanda . 1.2 . .8 . .5 1.2 . . ---

United States . 2.4 . 1.7 1.5 1.3 1.5 1.5 . 0.0001

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
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ANNEX 11: TRENDS OF RESISTANCE (%) AGAINST ANY TB DRUG AMONG PREVIOUSLY TREATED TB CASES IN 24
COUNTRIES/SETTINGS (1994-2002)

COUNTRY YEARS OF OBSERVATION P-value

1994 1995  1996 1997 1998  1999 2000 2001  2002
Botswana 14.9 22.8 21.7 ns
Canada 16.0 11.1 13.7 16.8 ns
China, Hong Kong 26.9 27.1 25.6 26.4 23.7 23.1 ns
Cuba 91.3 32.6 15.8 0.0001
Czech Republic 12.5 8.6 13.6 ns
Denmark 12.5 16.7 27.3 ns
Estonia 46.2 59.8 55.1 58.1 ns
Finland 0 3.7 13.8 -
France 21.5 20.0 16.0 28.0 ns
Germany 18.0 19.1 19.8 ns
Latvia 73.7 30.8 33.7 38.1 <0.0001
Lithuania 61.7 61.8 67.9 ns
Netherlands 15.7 9.5 8.4 ns
New Zealand 0 6.7 21.4 27.3 17.4 29.4 9.1 -
Norway 16.7 2.5 10.0 ns
Puerto Rico 27.3 58.3 7.1 14.3 25.0 ns
Russian Fed. Tomsk Oblast 57.8 62.0 67.6 60.7 ns
Slovakia 15.9 6.6 13.6 ns
Slovenia 8.3 5.7 10.5 ns
Spain-Barcelona 29.5 23.2 34.1 22.2 31.3 ns
Sweden 16.7 25.8 7.1 ns
Switzerland 27.5 21.1 5.3 0.006
U.K.- England, Wales,
Northern Irelanda 32.4 22.2 5.9 15.2 ---

United States 23.6 20.9 17.0 17.7 18.2 18.8 <0.0001

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
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ANNEX 12: MDR TRENDS AMONG PREVIOUSLY TREATED TB CASES IN 24 COUNTRIES/SETTINGS (1994-2002)
COUNTRY YEARS OF OBSERVATION P-value

1994 1995  1996 1997 1998  1999 2000 2001  2002
Botswana 6.1 9.0 10.4 ns
Canada 3.2 3.7  3.2  3.4 ns
China, Hong Kong 9.6 7.6 11.3 7.7 9.2 11.2 ns
Cuba 13.0 7.0 2.6 ns
Czech Republic 6.3 2.9 9.1 ns
Denmark 3.1 0 3.0 -
Estonia 19.2 37.8 48.3 45.3 <0.0001
Finland 0 0 3.4 -
France 4.1 3.1 8.5 8.5 ns
Germany 6.3 5.9 7.4 ns
Latvia 54.4 23.7 26.8 27.1 <0.0001
Lithuania 42.5 43.2 53.3 0.007
Netherlands .6 0 1.1 -
New Zealand 0 0 0 9.1 0 0 0 -
Norway 16.7 0 0 ns
Puerto Rico 13.6 16.7 0 14.3 25.0 -
Russian Fed. Tomsk Oblast 26.7 32.2 42.4 43.6 0.0002
Slovakia 8.3 2.5 1.8 0.009
Slovenia 2.8 5.7 0 -
Spain-Barcelona 20.5 11.6 20.5 11.1 12.5 ns
Sweden 8.3 12.9 2.4 ns
Switzerland 12.5 10.5 1.8 ns
U.K.- England, Wales,
Northern Irelanda 16.9 13.2 2.7 4.2 ---

United States 7.1 5.6 3.4 4.0 3.9 5.2 0.01

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
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ANNEX 13: TRENDS OF RMP RESISTANCE AMONG PREVIOUSLY TREATED TB CASES IN 24 COUNTRIES/SETTINGS (1994-2002)
COUNTRY YEARS OF OBSERVATION P-value

1994 1995  1996 1997 1998  1999 2000 2001  2002
Botswana 7.9 13.1 12.3 ns
Canada 3.2 3.7  3.2  4.2 ns
China, Hong Kong 11.6 9.2 12.8 7.7 9.2 11.2 ns
Cuba 17.4 7.0 2.6 0.03
Czech Republic 6.3 4.3 2.6 ns
Denmark 3.1 0 3.0 ns
Estonia 19.2 39.0 48.3 45.3 0.01
Finland 0 0 3.4 ns
France 6.7 6.2 9.4 11.0          ns
Germany 6.6 7.6 8.2 ns
Latvia 57.9 25.0 27.9 27.1 0.0003
Lithuania 46.1 45.0 53.3 ns
Netherlands .6 2.4 1.1 ns
New Zealand 0 0 14.3 9.1 0 0 0 ns
Norway 16.7 0 0 ns
Puerto Rico 18.2 25.0 0 14.3 25.0 ns
Russian Fed. Tomsk Oblast 31.0 38.0 46.0 47.9 0.0004
Slovakia 10.2 4.1 1.8 0.003
Slovenia 2.8 5.7 0 ns
Spain-Barcelona 20.5 11.6 22.7 11.1 12.5 ns
Sweden 8.3 12.9 2.4 ns
Switzerland 15.0 10.5 3.5 ns
U.K.- England, Wales,
Northern Irelanda 17.6 13.2 3.6 5.5 ---

United States 8.4 8.0 3.6 5.3 4.8 6.5 0.007

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
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ANNEX 14: TRENDS OF RESISTANCE (%) AGAINST ANY TB DRUG AMONG COMBINED CASES IN 26 COUNTRIES/SETTINGS (1994-
2002)

YEARS OF OBSERVATIONCOUNTRY
1994 1995 1996 1997 1998 1999 2000 2001 2002

 P-value

Australia 9.5 10.5 13.0 10.7 10.3 ns
Botswana 4.8 7.7 15.5 S
Canada 10.4 9.5 9.8 9.2 ns
China-Hong Kong 14.4 13.1 12.9 13.6 12.2 10.8 <0.0001
Cuba 10.7 8.3 6.1 S
Czech Republic 2.8 3.3 5.0 S
Denmark 13.1 15.4 13.2 ns
Estonia 29.8 41.0 37.1 35.1 S
Finland 4.9 2.0 5.0 ns
France 9.6 11.1 10.4 10.9 S
Germany 10.2 8.3 8.6 ns
Israel 19.2 16.6 32.0 0.002
Latvia 49.7 30.1 31.3 33.0 S
Lithuania 44.5 44.3 48.1 0.002
Netherlands 14.1 11.0 8.8 10.6 0.002
New Zealand 5.3 4.6 13.9 13.9 9.2 14.5 11.2 0.01
Norway 11.1 13.0 23.5 0.01
Puerto Rico 11.0 14.5 9.3 7.5 8.6 ns
Russian Fed. -Tomsk Oblast 39.3 40.0 43.2 41.5 ns
Slovakia 5.5 3.6 5.9 ns
Slovenia 3.1 3.2 3.4 ns
Spain-Barcelona 12.9 5.4 9.4 10.2 12.9 S
Sweden 8.4 12.7 10.7 ns
Switzerland 5.8 7.0 5.1 ns
U.K.- England, Wales,
Northern Irelanda 8.1 8 8.4 9 ns

United States 12.9 12.4 12.5 11.9 12.9 13.0 ns

                                                          
aData from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
S: Given the adjustment of the combined rates, due to the survey particularities, no p-values can be determined
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ANNEX 15: TRENDS OF MDR RESISTANCE (%) AMONG COMBINED CASES IN 26 COUNTRIES/SETTINGS (1994-2002)

YEARS OF OBSERVATIONCOUNTRY
1994 1995 1996 1997 1998 1999 2000 2001 2002

P-value

Australia .7 2.0 .9 .5 1.0 ns
Botswana .8 1.2 2.7 S
Canada 1.1 .9 .8 1.0 ns
China-Hong Kong 2.6 1.7 2.0 1.4 1.5 1.3 <0.0001
Cuba 1.0 .9 .5 S
Czech Republic 1.4 .6 1.5 S
Denmark .7 0 .5 ns
Estonia 11.0 18.3 22.8 19.5 S
Finland 0 0 .5 ns
France .9 .4 1.4 1.3 S
Germany 1.7 1.2 1.7 ns
Israel 8.1 7.9 14.6 0.009
Latvia 30.3 12.2 13.5 13.1 S
Lithuania 24.7 25.5 30.8 <0.0001
Netherlands 1.1 .6 .4 .9 ns
New Zealand 1.3 0 .7 1.8 .8 .4 0 ns
Norway 2.8 1.6 1.8 ns
Puerto Rico 2.6 3.5 1.4 .6 .7 ns
Russian Fed. Tomsk Oblast 13.7 12.8 17.3 19.1 0.003
Slovakia 2.0 1.0 1.2 ns
Slovenia .9 .6 0 ns
Spain-Barcelona 2.0 1.4 2.2 3.7 3.7 S
Sweden 1.1 1.7 1.4 ns
Switzerland 1.4 1.8 .4 ns
U.K.- England, Wales,
Northern Irelanda 1.9 1.5 .6 1.2 0.0008

United States 2.0 1.4 1.2 1.3 1.3 1.4 <0.0001

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
S: Given the adjustment of the combined rates, due to the survey particularities, no p-values can be determined
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ANNEX 16: TRENDS OF ANY INH RESISTANCE (%) AMONG COMBINED CASES IN 26 COUNTRIES/SETTINGS (1994-2002)
YEARS OF OBSERVATIONCOUNTRY
1994 1995 1996 1997 1998 1999 2000 2001 2002

P-value

Australia 7.5 9.7 9.0 6.8 10.1 ns
Botswana 2.4 5.4 6.6 S
Canada 7.8 7.4 8.0 7.3 0.003
China-Hong Kong 7.8 6.9 7.6 6.5 6.9 6.1 ns
Cuba 2.8 3.1 1.7 S
Czech Republic 2.8 2.1 3.6 S
Denmark 6.5 7.5 8.7 ns
Estonia 23.3 31.2 31.9 30.0 S
Finland 4.6 .7 3.4 ns
France 4.5 4.0 4.7 3.8 S
Germany 7.2 5.6 6.0 ns
Israel 15.6 13.3 26.3 0.001
Latvia 46.8 28.3 28.5 30.3 S
Lithuania 37.4 38.7 44.9 <0.0001
Netherlands 8.6 6.8 5.8 5.9 0.01
New Zealand 4.0 4.6 10.2 12.0 6.4 10.1 6.1 ns
Norway 8.3 6.0 12.4 ns
Puerto Rico 7.7 9.9 8.6 1.7 4.3 S
Russian Fed. Tomsk Oblast 27.7 29.0 34.6 33.1 0.008
Slovakia 4.6 2.4 4.7 ns
Slovenia 1.5 2.7 2.8 ns
Spain-Barcelona 8.4 4.1 6.3 7.5 8.5 S
Sweden 6.3 10.3 10.1 0.04
Switzerland 5.2 6.5 4.9 ns
U.K.- England, Wales,
Northern Irelanda 6.7 5.9 5.9 6.4 ---

United States 8.4 8.34 8.6 7.9 8.3 8.0 ns

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
S: Given the adjustment of the combined rates, due to the survey particularities, no p-values can be determined
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ANNEX 17: TRENDS OF ANY RMP RESISTANCE (%) AMONG COMBINED CASES IN 26 COUNTRIES/SETTINGS (1994-2002)
YEARS OF OBSERVATIONCOUNTRY
1994 1995 1996 1997 1998 1999 2000 2001 2002

P-value

Australia 1.1 2.1 1.1 .8 1.3 ns
Botswana 1.7 1.7 4.7 S
Canada 1.1 .9 1.0 1.2 ns
China-Hong Kong 3.1 2.1 2.2 1.7 1.6 1.4 <0.0001
Cuba 1.4 .9 1.0 S
Czech Republic 1.4 1.1 1.6 S
Denmark .7 .2 .7 ns
Estonia 11.0 18.7 23.0 19.5 S
Finland 0 0 .9 -
France 1.3 .8 1.5 1.5 S
Germany 2.2 1.5 1.9 ns
Israel 8.5 8.5 14.9 0.01
Latvia 31.8 12.5 13.7 13.1 S
Lithuania 27.6 26.9 31.0 0.0004
Netherlands .2 1.0 .9 .9 ns
New Zealand 1.3 0 2.2 1.8 1.2 .4 .3 ns
Norway 2.8 1.6 2.4 ns
Puerto Rico 3.6 4.7 1.4 1.2 1.4 ns
Russian Fed. Tomsk Oblast 16.2 15.2 18.9 20.3 0.031
Slovakia 2.4 1.7 1.6 ns
Slovenia .9 .6 0 ns
Spain-Barcelona 2.7 1.4 3.3 3.1 2.8 S
Sweden 1.1 2.2 1.4 ns
Switzerland 1.7 2.1 .6 ns
U.K.- England, Wales,
Northern Irelanda 2.1 1.6 .7 1.6 ---

United States 2.7 2.0 1.6 1.5 1.7 1.7 <0.0001

                                                          
a Data from England, Wales and Northern Ireland reported before 1999 cannot be compared with data reported after 1999 due to changes in surveillance
methodologies.
S: Given the adjustment of the combined rates, due to the survey particularities, no p-values can be determined



119

ANNEX 18: ECOLOGICAL BIVARIATE ANALYSIS AMONG NEW TB CASES IN ALL COUNTRIES/SETTINGS

All countries Any resistance rate MDR rate
(n=60) rs (p-value) rs (p-value)

Out of pocket health expenditure 0.297  (0.021) 0.257  (0.047)
Human Development Index 0.253  (0.051) - 0.259  (0.046)
GDP - 0.284  (0.028) - 0.314  (0.015)
GINI 0.294  (0.023) 0.306  (0.017)
Responsiveness Level

- Level Index
- Distribution Index

- 0.150  (0.252)
- 0.191  (0.151)

- 0.257  (0.047)
- 0.265  (0.045)

Fairness Index - 0.293  (0.023) - 0.343  (0.007)
Performance Index - 0.411  (0.001) - 0.393  (0.002)
Notified TB Incidence rate (new cases) 0.353  (0.006) 0.401  (0.001)
% Retreatment cases 0.224  (0.085) 0.337  (0.006)
Human Poverty Index 0.313  (0.015) 0.358  (0.005)
Duration of introduction of RIF 0.214  (0.122) 0.301  (0.047)

ANNEX 19: SELECTIVE ECOLOGICAL BIVARIATE ANALYSIS AMONG NEW TB CASES IN MEDIUM AND LOW  INCOME COUNTRIES

All countries Any resistance rate MDR rate
(n=36) rs (p-value) rs (p-value)

Out of pocket health expenditure   0.327  (0.045)   0.182  (0.289)
GDP - 0.348  (0.038) - 0.145  (0.397)
GINI   0.338  (0.044)   0.317  (0.060)
Health Expenditure - 0.374  (0.025) - 0.311  (0.065)
Fairness Index - 0.437  (0.008) - 0.367  (0.028)
Performance Index - 0.500  (0.002) - 0.475  (0.003)
Notified TB Incidence rate (new cases)   0.449  (0.006) - 0.342  (0.041)
% Retreatment cases   0.402  (0.015)   0.591  (0.001)
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ANNEX 20: ECOLOGICAL BIVARIATE ANALYSIS AMONG COMBINED TB CASES IN ALL COUNTRIES/SETTINGS

All countries Any resistance rate MDR rate
(n=56) rs (p-value) rs (p-value)

Out of pocket health expenditure   0.303  (0.024)   0.244  (0.070)
Human Development Index   0.296  (0.024) - 0.376  (0.004)
GDP - 0.353  (0.008) - 0.403  (0.002)
GINI   0.310  (0.020)   0.299  (0.025)
Human Poverty Index   0.362  (0.006)   0.467  (0.001)
Education Index   0.148 (0.277)   0.270  (0.044)
Responsiveness

- Level Index
- Distribution Index

- 0.235  (0.082)
- 0.266  (0.052)

- 0.331  (0.013)
- 0.341  (0.012)

Fairness Index - 0.407  (0.002) - 0.447  (0.001)
Performance Index - 0.412  (0.002) - 0.371  (0.005)
Health Expenditure - 0.324  (0.015) - 0.404  (0.002)
% Births assisted   0.314  (0.018)   0.341  (0.010)
Notified TB Incidence rate (new cases)   0.401  (0.002)   0.462  (0.001)
% Retreatment cases   0.227  (0.067)   0.309  (0.021)
HIV rate in adults   0.275  (0.040)   0.251  (0.062)

ANNEX 21: SELECTIVE ECOLOGICAL BIVARIATE ANALYSIS AMONG COMBINED TB CASES MEDIUM AND LOW INCOME COUNTRIES

All countries Any resistance rate MDR rate
(n=32) rs (p-value) rs (p-value)

GINI 0.355 (0.046) 0.247  (0.174)
Health Expenditure - 0.476  (0.006) - 0.491  (0.004)
Fairness Index - 0.468  (0.007) - 0.338  (0.058)
Performance Index - 0.471  (0.007) - 0.410  (0.020)
Notified TB Incidence rate (new cases)   0.416  (0.018) - 0.308  (0.086)
% Retreatment cases   0.457  (0.009)   0.537  (0.002)
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ANNEX 22: ECOLOGICAL MULTIVARIATE ANALYSIS AMONG NEW TB CASES IN ALL COUNTRIES/SETTINGS

All countries (n=60)

OUTCOME VARIABLE: PREVALENCE OF ANY RESISTANCE
                                  Model = 0.189  + 0.0065 Retreatment  – 0.0035 HPI

Retreatment: p<0.001              HPI: p= 0.054             R2=25%a

OUTCOME VARIABLE: PREVALENCE OF MDR
Model = 0.094  + 0.0039 Retreatment  – 0.00002 GDP

Retreatment: p<0.0001              GDP: p= 0.068             R2=28%

Low and middle income countries (n=36)

OUTCOME VARIABLE: PREVALENCE ANY RESISTANCE
Model = 0.38  + 0.0067 Retreatment  – 0.00001 GDP

Retreatment: p=0.001              GDP: p= 0.006             R2=40%

OUTCOME VARIABLE: PREVALENCE OF MDR
Model = -0.326  + 0.003 Retreatment  – 0.0001 GDP + 0.004 HPI -  0,571 HDI

Retreatment: p=0.006    GDP: p= 0.025     HPI: p=0.065  HDI :p=0.0044      R2=42%

                                                          
a The R2, called also “COEFFICIENT OF DETERMINATION” is a measure of the goodness of fit of the linear regression model to the data. It expresses the
percentage of the variation in the outcome variable that has been explained by the regression on the explanatory variables. In the example,  R2  = 25% implies
that 25% of the variation of any resistance rate over the 60 countries is explained by the variables “retreatment cases” and “HPI”.
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ANNEX 23: ECOLOGICAL MULTIVARIATE ANALYSIS AMONG COMBINED TB CASES IN ALL COUNTRIES/SETTINGS$

All countries (n=56)

OUTCOME VARIABLE: PREVALENCE OF ANY RESISTANCE
Model = 0.327  + 0.009 Retreatment  – 0.00005 GDP

Retreatment: p<0.0001              GDP: p= 0.068            R2=28%

OUTCOME VARIABLE: PREVALENCE OF MDR
Model = 0.129  + 0.0076 Retreatment  – 0.0000037 GDP

Retreatment: p<0.0001              GDP: p= 0.010             R2=45%

Low and medium income countries (n=32)

OUTCOME VARIABLE: PREVALENCE OF  ANY RESISTANCE
Model = 0.382  + 0.010 Retreatment  – 0.00002 GDP

Retreatment: p< 0.001    GDP: p= 0.006 R2=50%

OUTCOME VARIABLE: PREVALENCE OF MDR
Model = 0.096  + 0.0076 Retreatment

Retreatment: p<0.0001                        R2=40%
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ANNEX 24: FORECAST OF THE NUMBER OF MDR CASES (WITH 95% CI) 1999-2002

COUNTRY TOTAL
# CASES

%
MDR

LOWER
95% CI

UPPER
95% CI

LOWER
ESTIMATE
# MDR

ESTIMATE
# MDR

HIGHER
ESTIMATE
# MDR

South Africa* 103626 2.9 2.8 3.0 2902 2957 3109
Kazakhstan* 11980 24.4 23.7 25.2 2839 2926 3019
China, Hubei
Province*

23633 7.0 6.7 7.3 1583 1653 1725

China, Henan
Province*

15125 10.1 9.6 10.6 1452 1527 1603

China, Liaoning
Province

8002 13.0 12.2 13.7 976 1037 1096

Nepal* 15727 3.8 3.5 4.1 550 600 645
Thailand* 29768 1.8 1.7 2.0 506 541 595
Egypt* 5470 8.5 7.8 9.3 427 467 509
Ecuador* 5029 8.7 8.0 9.6 402 439 483
Uzbekistan,
Karakalpakstan

1294 26.8 24.4 29.3 316 347 379

Zambia* 14546 1.8 1.6 2.1 233 269 305
Lithuania 1140 21.8 19.4 24.3 221 248 277
Japan, sentinel* 12013 1.8 1.6 2.1 192 222 252
Argentina* 6602 3.0 2.6 3.4 172 196 224
Latvia 1144 13.1 11.2 15.2 128 150 174
United States 10288 1.4 1.1 1.6 113 140 165
Russia, Tomsk
Oblast

650 19.1 16.2 22.4 105 124 146

Colombia* 8022 1.5 1.3 1.8 104 121 144
Estonia 527 19.5 16.3 23.2 86 103 122
Russia, Orel Oblast 589 16.8 13.9 20.1 82 99 118
Botswana* 3452 2.7 2.2 3.3 76 94 114
Poland 3705 2.5 2.0 3.1 74 92 115
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COUNTRY TOTAL
# CASES

%
MDR

LOWER
95% CI

UPPER
95% CI

LOWER
ESTIMATE
# MDR

ESTIMATE
# MDR

HIGHER
ESTIMATE
# MDR

Turkmenistan,
Dashoguz

791 11.6 9.5 14.1 75 92 112

Algeria*# 7953 1.1 .9 1.4 72 88 111
Venezuela* 3812 1.7 1.3 2.1 50 63 80
Honduras* 2983 2.0 1.6 2.6 48 61 78
Germany 2780 1.7 1.3 2.3 36 47 64
China, Hong Kong
(SAR)

3639 1.3 .9 1.7 33 46 62

Israel 281 14.6 10.8 19.4 30 41 55
U.K. England,
Wales and Northern
Ireland

3004 1.2 .9 1.7 27 37 51

India, Raichur
District

1241 2.6 1.8 3.7 22 32 46

Cambodia* 15188 .2 .1 .3 15 26 46
Italy, Half of the
country

1387 1.7 1.1 2.5 15 23 35

Chile* 1505 1.4 .9 2.2 14 21 33
France, sentinel
site*

2398 .8 .5 1.3 12 20 31

El Salvador* 1184 1.4 .9 2.3 11 17 27
Mongolia*# 1631 1.0 .6 1.7 10 17 28
Canada 1363 1.0 .5 1.7 7 13 23
Belgium 730 1.5 .8 2.8 6 11 20
Spain, Galicia
State*

493 2.2 1.2 4.1 6 11 20

Czech Republic 638 1.4 .7 2.8 4 9 18
Netherlands 863 .9 .4 1.9 3 8 16
Oman 183 3.8 1.7 8.0 3 7 15
Slovakia 575 1.2 .5 2.6 3 7 15
Spain, Barcelona
City*

240 2.5 1.0 5.6 2 6 13

The Gambia* 876 .6 .2 1.4 2 5 12
Bosnia Herzegovina 1153 .4 .2 1.1 2 5 13
Sweden 365 1.4 .5 3.4 2 5 12
Singapore 949 .5 .2 1.3 2 5 12
Cuba, sentinel* 620 .6 .2 1.8 1 4 11
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COUNTRY TOTAL
# CASES

%
MDR

LOWER
95% CI

UPPER
95% CI

LOWER
ESTIMATE
# MDR

ESTIMATE
# MDR

HIGHER
ESTIMATE
# MDR

Austria 761 .5 .2 1.4 2 4 11
India, Wardha
District,

800 .5 .2 1.4 2 4 11

Ireland 225 1.3 .3 4.2 1 3 9
Norway 170 1.8 .5 5.5 1 3 9
Croatia 879 .2 .1 .9 1 2 8
Uruguay*# 392 .5 .1 2.0 0 2 8
Denmark 425 .5 .1 1.9 0 2 8
Finland 437 .5 .1 1.8 0 2 8
Switzerland 492 .4 .1 1.6 0 2 8
Puerto Rico 139 .7 .1 4.5 0 1 6
Qatar# 284 .4 .1 2.3 0 1 7
Serbia and
Montenegro,

279 .4 .0 2.3 0 1 6

Luxembourg 44 .0 .0 10.0 0 0 4
Andorra 3 .0 .0 69.0 0 0 2
Malta 10 .0 .0 34.5 0 0 3
Iceland 9 .0 .0 37.1 0 0 3
Slovenia 320 .0 .0 1.5 0 0 5
New Zealand 294 .0 .0 1.6 0 0 5
Scotland 302 .0 .0 1.6 0 0 5

* indicates survey methodology applied
# indicates new cases only
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ANNEX 25 GLC-APPROVED DOTS-PLUS PILOT PROJECTS UNDER REVIEW AND IN PREPARATION AS OF JANUARY 2004.

DOTS-Plus pilot projects Application under review Application in preparation
Bolivia Egypt Dominican republic
Costa Rica El Salvador Lithuania
Estonia (countrywide) Georgia Moldova
Haiti Honduras Morocco
Latvia (countrywide) India (Delhi) Tanzania
Malawi Jordan
Mexico Kenya
Peru Kyrgyzstan
Philippines Lebanon
Russian Federation (Arkhangelsk, Ivanovo, Orel
and Tomsk regions)

Nepal

Uzbekistan (Karakalpakstan) Nicaragua
Romania
Syria
Tunisia
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